




The Effect of App r oac h Gr ad ient ,
Weather Conditions a nd Queue I:'os ition
on Dis charge Beadways at Signal ized Inters ections
in the Cit y of St . John' s
by
S Wal ter Frede Iic k Mills, B. Eng .
A thesis submit ted t o t h e School of Graduate
Stud i es i n pardal fulfilment of the
requirements for the deg ree o f
Ma st er o f Engineering
Fac ul ty of Engineering and Applied Science
Memorial Iln Lve r s Lt.y of Newfoundland
J ul y , 1 991
St. J ohn' s Newfo und land
.+. Nalionallibraryof Canada BibliothCQuc naCioo'IoJ,lc"''''"''''
The author has granted an ilTevocablE' "on-
exclusivelicence allowingthe NationalUbrary
of Canadato reproduce, loan. distributeor sell
copies of hislher thesis by any means andin
any tern or tonret. makingthisthesis av.;;llable
to Interested persons.
The author relains ownership of the copyright
in hislher thesis. Neither the thesis nor
subs tan tial e xtract s from it may be printed Of
otherwise reproduced without hisIher per-
mission .
L'suleur a ecccrceuna licence lrrevccebte et
non exclu sive permettanl A la BibliotMQue
nationale du Canada de reprodulre, preter.
dislrlbuer ou vendre des copies de sa these
de ouetque rnantere at sous quetque forme
Que c e soit pou r me nre des exemplaires do
celi e these a la drsccsluon des personn cs
interesse-es.
L'autelK conserve Ia pI'()pliE!te du droi t d'auteur
qui protegesauese. Ni Ia theseni des eJdralls
substantials de ceae-ct ne doivent ~Ire
imprimes ou autrement reproduils sans son
autodsaucn.
ISSM 0 -315-&8229 -'3
Canada
Abstract
Th i s experiment was des igned to determine t he effec t, i f
a ny, of approach gradient , weather conditions and que ue
position on discha rge he a dwa ys at signalized in tersections in
the Ci ty of St. John 's .
Many o f the factors that affec t vehic le ope ration at
signalized intersections were exam ined through a n extensive
search of t he existing l itera t ur e . The s e f actors were
co nside r ed during the select ion process when the i ntersection
approache s on which data was co llected were selected.
A su itable mathematica l model was selected and the
appropriat e hypotheses were generated.
Headway da ta wa s co llec t ed du ring the Spring of 1986 on
f i ve i nter s ect i on a pproac hes having a range in gr adients from
- 7 . 2\ t o +7.2 \ .
Thi s dat a wa s a na lyzed us i ng t he SPSs/x sta tis tical
sof t ware package . It was determ i ned that the h e adwa y data
tha t was o riginally co llected d i d not meet the assumption of
Normal ity . Acco rd ingly , the da t a wa s t r an s f ormed us i ng a
loga ri thm ic tra nsformat ion to prod uc e a more Normal
d i s t ributio n, and wa s an al y zed aga i n.
The f ac torial e xperiment tha t was performed i nd i c a t ed a
s t at is t ica lly s ig nificant i nt e r ac tion Let. we e n weathe r
c onditions and approach g r adi en t. However, s ubsequen t
a ttempt s to f o rmulate eq uations qua ntifyi ng the re lationship
ii
be t ween ap pr o ac h g rad ient and ve h LcI e he adways a t each leve l
of the we ather f ac t or were not s ue .e s s f ul . The regr ess ion
proc edu re produced eq ua tions witl ve ry low values o f the
co efficients o f determina tion . At the same time , the
s ignifican..o l eve l o f the ~ -' .est procedure res u lts gave
i n d i c a tions that a strong lin e ,r r e lations h i p ex isted be twee n
app roach g ra d i ent and discha .:ge he adwaya ,
I t was c onclude d that t he s ig nifica nt r es ult of t he p -
t e s t procedu re wa s a re err.t; of t he l a r ge number of r esidual
degrees o f freedom resu".ti ng f r om the very large database.
Consequent e xamia eb Io n of the da ta r eve eLed a n error i n
the da tabase t ha t ha d been used du r ing t ho s e regression
p r oc edu r es . rcw ever , when t he reg ress io n p r cc edu r eu were
pe r f o rmed C',' the co r re cted database , t he results were l a rge l y
unc hancrd ,
I t was, t he r e f o r e, conc luded tha t there i s no prac t ical
qua n tifiab l e relation s h i p be tween appro ac h g r ad i ent and
discha rg e he edwa ys the approaches to signalized
intersec t ions in t he City of St. ac hn t s ,
Howev e r, a pract ical and s tatis tica l l y signif ican t
relation s h i p was developed between the e lapsed time f rom the
sta rt of the gr ee n ph a s e , a qua nt ity wh i c h i s r elated to
discharge head wa y , and vehicle position in the queu e , and a n
appropriate pred i c tion e quat i on wa s developed that acco unts
fo r 93 . 5% of the variabili ty i n the data .
iii
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It has long been r ecognized by traffic e ngi ne e r s that
s i gna l i ze d intersections on arterial streets represent a key
operational constraint to t he movement of traff ic i n urban
transporta tion systems. The l e vel of se rvice tha t can be
a ttained on any a r te r ia l street network i s heavily dependent
on t he e f fic iency of t he traffi c s igna l system t h r oughout that
ne twork .
The r e are many fac tors that affect the ope rat ing
character istics of ve h i cle s at s i gna li zed inte r s ec t i ons , a nd ,
hen ce, t he l e vel of se rvice t hat is p rov ided to motorists.
It was felt t hat an attempt s hou ld be made to bette r
understand t he i mpa ct of several of t hese factors on the
operating characte r istics of ve hicles at signa li zed
inters ections in t he City of St. John 's . A bet te r under -
s tand i ng of th e s e factors woul d en a ble t he City 's Tra f f i c
Div ision t o more acc urately analyze the behaviour of vehic les
at in t e r s ections in the Ci ty.
The specif ic fac t or s t hat were stu died i n detail are
app roach gr adient , weat her condit ions an d queu e posi t i on .
The following s ec t io ns dis c uss more fUl ly why t hes e f actors
were selected fo r s tudy .
The City of St . J ohn ' s has deve loped l a r ge l y around its
na t ur a l ha rbour. As t he City deve loped , t he Harb our has be en
the physical as we ll as the eco nomic hub o f the City .
Ac c or di ngl y, as the street pattern developed , streets
ge nerally led to the Ha rb our .
The result ing arterial st r eet ne t wo rk can best be
described as a se mi r ing-radia l s ys tem with t he st ree t pattern
stretching out to t he north and west f rom the Harbour as shown
i n Figure L Significant de ve l opment to t he south and east has
been precluded by the prec ipitous Souths ide a nd Signal Hi lls
respectively .
The terra in upon which t he City has been built consis ts
o f a se ries o f ro lling hil ls and va l leys resulting from th r ee
ma i n rivers wh i c h meander t hr ough the City . The presence o f
t h es e rivers has also co ntributed to the ring -radial type
street system in St . John 's . Generally , the ring st reets
fo llow t h e r iver va l leys a nd , the refore , hav e r elatively fla t
g radients . The radi a l streets cros s the valleys making their
wa y t o t he Harbo ur. Bec aus e o f t h i s pa ttern the grad ients on
the r ad ia l a rte r ials are gene ral ly more severe than t hos e
e n counte r e d on the ring ar teria l s treets. This ro lling
t e rrain ha s r es ulted in a number of i mport an t signa lized
i nt ers e c t i on s in the City hav i ng app r oaches wi th g r e at e r t han
o r l es s tha n the desirable maximum o r minimum approach
g r ad ients .
One o f the ob ject i ves o f the experiment that was
Figure 1 City of St. J o hn ' s arterial st ree t ne t work
c onducted, the r e f ore , was t o de .e m une whether the grad ient
of an ap proach t o a n i nte r section significantly a f f ected t he
ope r at ion of vehicles us i ng t hat i nt e r s ect i on . This
information cou ld then be take n into considera t i on by City
s t aff when i ntersection operations in t he Ci t y of St. John 's
were an al y zed .
Ano t he r objective of t he p r o j ect re lated to the effect
o f wea t he r conditions on vehic l e ope r at i on s at signalized
inters ec t ions i n the Ci t y of St. J ohn ' s .
s t. Jo hn' s i s l oc at e d on t he Ava l on Peninsula on t he eas t
coas t of the Pr ov i n c e o f Newfoun dla nd a nd Lab r ador . The
Ava lon Pen insula e xtends out i nt o t he Nort h Atl a nt i c in a n
are a wher e the warm Gul f St ream f rom t he We s t Ind ies co nverges
wi th the c old Labrado r Curren t from the Arc tic. The re sult i ng
tempe r a te c l ima te doe s no t p r od uce an ab no rma lly l a r ge a moun t
of p rec i pitation as muc h as i t produces a l a r ge numbe r of
precip i tat ion events . It is not uncommon du r i ng cer ta i n times
of the ye ar to ex perienc e some deg re e of p r ecipitation every
da y for e xtended per iods .
It wa s de cided t hat t he effect o f we a t her co nd it ions on
ve hicle ope r a tions s hould be investiga t ed to enab le traffic
a na lysts t o be tte r unders tand how we at he r affects vehic l e
performanc e at traffi c s igna l s i n t he Ci ty of St. J ohn ' s . It
was a l so decided to i nvest igate the possibility of an
interact i on bet we e n weather condit i on s and ap proach gr ad ient .
Knowl ed ge o f t his p he nomeno n , if i t ex i sted, would be us e ful
to l ocal t raffic a nalysts as well.
A th i rd fac tor , t he pos i tion of a veh i cle in the queue ,
wa s al s o inc l uded i n t h e expe riment . Other r es e a rc h e rs hav e
observed that the firs t seve ra l veh icles in a queue depa r ti ng
a s ignal ized i nt e r s ec t i on a f te r the s ta r t of t h e green phase
behave d ifferent ly than veh ic les positioned l a ter in t he
que ue . Th i s pheno men on has been ca lled starting delay and
relates t o d ri vers' r e act i on times a nd the ac c e l e r a t in g
a bil it i e s of their vehicles, among other f ac tors .
Because queu e posit ion co uld signif ica ntly affec t t he
pe rformanc e of a veh i cle at a signalized intersect i on i t
ei the r had to be neutra lized as a variable o r taken in to
cons id eration i n t he design of the experiment. It was fe lt
t ha t t he ef fe ct of queu e positi on wa s wor th investi gating i n
the loca l co ntext and the var iab l e , qu eue p os i tion, was
i nclude d in t he expe riment for ac t ive c onsid e ration . Aga i n ,
the i nte r ac tion s of que u e pos ition with approac h g radien t an d
weathe r condi t ions we r e a lso i nve s tiga t ed t o de termine t he ir
sign1£ r c en ce ,
The re fore, in summary , t he ob j ec t ive of the expe rimen t
that was conducted was to determ i ne , in the loc a l context,
the significanc e of t he e ffec ts of the thre e v a riables of
interes t, app ro ac h gradien t , weat he r co ndit ions a nd qu e ue
position, on ve h icle pe rformance a t signa lized inters ect i ons.
I n genera l te r ms , thi s ob j ect i ve was ac h ieved by
observing vehicle perfo rmance at a numbe r of c arefully
selected signa lized i ntersect ions a nd by c a r ef u I co mpar i son
of that pe r f c rmance ,
Subseque n t c ha pters o f t hi s t hesis deal wit h t he p r ec ise
s tat emen t o f t he prob lem be i ng i nv est iga ted , t he selection o f
the actual intersection approac he s upon which data was
collected , the de lii9n o f t he e xperiment that vas use d t o
compa r e ve h i c le pe r fo rma nc e at t he se l e c t ed signalizetJ
i nt ersec tion approaches, i nc l ud i ng the mat hema tical model t hat
was selected , t he data collection p roces s , the comparison and
a nalysis of the ex pe rime ntal d at a and a d iscussion of t he
r e s ults of t he experiment an d ho w t hes e results relate to t he
e xperimenta l objectives .
CHAPTER TWO
2 . e PROBLEM STATEMENT
2.1 Introduct ion
The p ro blem s tatement p ha s e of experimenta l design a l lows
the researcher to specify what it is hoped to achieve through
t he expe r i rnent a l process .
In this Chap t er , t h e p rob lem s ta tement fo r the experiment
d iscussed he rein i s dev e loped , the s e l ec t i on of an app ropriate
r e s p on s e va riable is discussed , a design for the expe riment
is stated i n ge nera l t erms, a nd many of the f a c t o r s t hat
in f luence t raff ic operat i ons a t s ignalized in t e r s ec t i ons a re
d iscussed in de t ail .
2 . 2 P r oblem statement
The Traffic Eng i nee ring divis ion of the Depa rtment o f
Eng ineering and Public Works o f t he City o f St. John 's has to
be able to accura t e l y predict the leve l of se rv ice on
app ro aches t o signa lized inters ections in the Ci ty. As no ted
prev i ously, many fac t o rs af fec t the beh av i our of vehic les an d,
t he refo re, t he leve l o f se r vice a t s ig na lized inte r s ect i ons .
Many o f these f actors have be e n s t udied, theoret i cally
and ex pe r i ment a l ly .
The ef f ect of vehic l e s ize , the e ffec t of vehic l e
per fo r mance , t he e f f ect of ve hicl e type a nd age, t he influence
of tur n i ng vehic les , t he e f fec t of co mmunity type , the effec t
of drivers ' forward vLsLon, the e f f ect of t raffic signal
v is ib il i ty, t he e ffec t of wea t her condit i ons , t he effect of
light co ndit ions, th e e ffec t of lane wid th , t he effect of
cross ro ad widt h, and the i nf l uence of gradien t among other
fa ctors ha ve all been s t udied as they r el a t e t o t raff ic
ope ra tions a t s i gnal i2 ed i nte r s ections .
Fo r the r ea sons d iscussed in Chapte r One , appr oac h
gradient , weathe r condit io ns and queue position we r e select ed
fo r s t udy i n t hi s expe riment.
The resear ch of Helm, Dick , a nd Conley r ela t i ve to t he
e f f ec t of gr adient on traffic ope r ations is of in teres t wit h
r e spec t to t his t hesis . l 23
Al s o of interest 15 t he work of Ber ry and Gha ndi a nd Helm
relative to the effec t of weathe r on dis cha rge head ways. 45
The wor k of Evans and Rothery an d Ancke r , <>arfarian and
Gra y on the e ffec t of queue position on headway is also of
i n t e rest . 67
Helm i n his pap er , "Sa t ura tion Flo w o f Tra ffic a t
Li ght -Cont rolled Inters ections " , c oncluJ ed that fo r the ra nge
of gr a dients en coun te r ed at his s t udy intersections (betw ee n
+6% an d -6 %) no signif i can t effec t due to gra dient was
ap pa r ent . The con c lus io ns dra wn by Conl e y based on
exp e rimenta l data an d published in his pape r , "Effec t of Grade
on Star ting Headway Ti me" , ar e sim ila r . Conley co nc l ude d t hat
the e ffect of grarle on s ta r ting he adway time did no t appea r
to be significant. Howeve r, Dick's research, p resented in a
paper entitled, "Effect of Gradients on Saturation Flow at
Traffic Signals" , indicated that "a n increase o f 1\ in
gradient ( in the range of -5 .2\ to +8.1\) produces a decrease
of 3\ i n the saturation flow" . 8
This review of the current li terature indicates that
r es e arc he r s have been unable t o reach unanimous agreement on
the effect that gradient has on t r af fi c flow at signalized
intersections.
The effect of weather condi tions on discharge headways
has also been studied by a number of researchers.
Berry and Ghandi i n thei r paper , "Headway Approach t o
I nt e r s ec t i on Capaci ty", concluded t hat adverse wea ther
significantly increased beeawaye , Th e research performed by
Helm also indicated that inclement weather significantly
affected the behaviour of vehicle d rivers, al though Helm
cautioned that more data than he had collected would be
required to obtain a better understanding of t he be haviour of
vehicles under poo r weathe r condi tions . Neve rtheless, t he
trend in t he resu l ts of p rev ious resea rch seems to indicate
that wea ther conditions do affect veh icle be e dveye ,
The re lationship between discharge headway and t he
position o f a vehicle in t he queue has been noted as wel l by
severa l researchers.
Evans and Rothery in their paper, "Infl u e nce of Veh icle
Size and Perfo rmance on Intersection Saturation Flow " , noted
that ge nerally the f i r s t three veh icles i n a que ue used more
g reen time to discharge than veh icles in othe r pcs i e rcno ,
This conc l usion is r eaffirmed by t he work of Ancke r , Garfar ian
and Gray whos e data i nd i c ates that early qucae positions have
longe r headways t ha n late':" queue positions. The apparent
trend i s t ha t queue l e aders generally have l onge r (ascharge
headways than vehicles furt her back. in the queue . This t r e nd
has been attributed by others to - he phenomenon of starting
delay whic h is discussed in more de tail later i n t his
documen t .
The problem the n i s t o determine the effect , if any, of
these factors of inte rest; approach gradient , wea ther cond-
ition s and queue posit ion , on the ope ra tion of ve hicles at
s ignalized inte rsec tions in t he City of St . John 's.
Th is p r oble m statement , as defin ed r raises t he question
of ho w the e ffec t of t he s e fac tors on veh ic le ope r a tion is to
be mea s ur ed , that i s , wha t will be used as t h e response
variable .
2.3 Selection of t he r esponse var i ab le
From an ope rat iona l point, one of t he most impor tant
c ha racte ristics o f a s i gnal ized intersection is i ts capacity.
The qu est i on tha t operations pe rsonnel a re chief ly concerned
wi th i s : "How many veh icles a re ab le t o pass through a
signa lized inte r s ec t i on du ri ng a given time per iod? ". The
t e r m that has been de veloped by traff ic engineers to represent
"
Fo r example , if an intersection approach has a satu r ation
flow o f 1 800 pcu/h , th e n the head way s be tween vehicles on that
approach when saturation flow conditions exis t are given by
3600 8/1800 pcu or 2.00 s/pcu.
The saturation flow of an approach to a signalized inter-
section rep resents the continuous capacity o f that approach. 14
Therefore, the capacity of an approach t o a signalized i nter -
sec tion i s a funct ion of the headways between vehicles as t hey
travel throug h t h e i ntersection . I S
Because of this r e l a t i on s h i p be twee n t he capacity of an
app roach to a signalized intersect ion and the be a dways between
vehic les as the y trave l through the intersection, vehicular
headway was selected as the response variable to be used to
meas ure the effect of approach g radient , weather cond itions
and queue position on veh icle ope ra tions at signalized
intersections. The headways be tween vehic les t hat have queued
at a t raffic s igna l awaiting t he sta rt o f the g reen phase a re
usua l ly refe rred t o as d ischa rge beedweys ,
Acco rdingly, tbe prob lem s tatement no t ed ea rlier can now
be r e f i ned as follows:
The p roblem is t o determine t he effec t , if any , o f
app roach g radie nt , weath er condi t ions and queue pos it ion on
t he d ischa rge head ways of ve hic l e s on approacbes to signalized
intersec t ions in the Ci ty of St. J ohn 's.
1 2
the maximum f low through an inters ection is s aturation flow .
Fo r the pu rposes of t hi s experiment , s a t ur a t io n f low is
def i ned as the ma x imum flow , ex pressed as e quivalent pa s s en ge r
cars, that ca n pass through an intersect ion approach when
there is a continuous g reen s i gnal ind i c a t i on and a cont i nuous
s uppl y o r queue of veh ic l es on tha t app r oach . 9 Tht: normal
unit f or expressing s a t u r a t i on flow i s passenge r car
equivalent units pe r hour of green time (pcu/h ) .
Closely related t o s a t u r a t i on f low is t he headway be t wee n
ve h i c l e s at a s i gnalized in t e r section . Headway i s defined
herein a s the t i me - s pa c e between vehicles . It is the time
that elapses be t we e n the front of one vehicle pa ssing the
reference po i nt and t he front of the succeeding ve h i c l e
passing that point. This definition is simila r t o the
definition of headway used by many authorities , i ncludi ng the
I ns t itut e of Transportation Engineers and the British
Transport and Road Research Laboratory. Hlll
An obvious relationship exists be tween headways on an
inte rsect ion approach and t he saturation f low on t hat.
approach . When saturat ion f low is expressed a s passenger car
equivalents per second (pcu/s) , it becomes a pparent t hat
sa t uration flow i n this f orm is t he reciproca l of headway .12
Steuart and Shin agree, not i ng , - the capac i ty of a
s ignalized intersection, expressed i n veh icles per hour o f
green time, is t he rec i proca l of t he average headway be tween
ve h icles during sa tu ra tion flow.- 13
11
2. 4 EJ:per imental d es ign
An experiment was designed that would enable the effects
of the th ree fac tors of interest on discharge headwaye to be
determined . It "lias intended to make this determination by
comparing discharge headways recorded on approaches to several
a Lqna Lf ae d intersections in the City of St . J ohn' s .
factorial experiment was designed to determine which of the
factors of interest significantly affected the selected
response va riable, d ischarge headway .
A factorial experiment is an e xpe rime nt p e r fc r rne d to
determine the effects of one or more factors on the response
va r i ab Ie of interest . An additiona l benefit of the factorial
experimental design is that i t allows t he significance of
comb inations of t he facto rs of interest t o be dete rmined. It
is possible that certain comb inat ions of these fac tors may act
together or i nteract to affect discharge headways. For
examp le , poor weather conditions may have a greater effec t on
headways on steeper gradients than on flat: gradients . This
hypothesis is suppor ted to some degree by the~
CilP.Acity Guide for '1ignalized Intersectioni. which n ot e s that,
" t.h e effect of gradient is more significant du ring winter
condit ions. " l6 The factor ial experimental design addresses
the effects , including the i nteract i on effects , that the
factors of interes t ha ve on the response variable .
The t e r m " f a c t o r " denotes the fea ture of the exper iment
that is vaded during different trials of the experiment.
13
The different va lues that are assigned to the various fa ctors
are the levels of t he factor . 17
The selected experimenta l design will a llow t h e problem,
as defined in the problem statement, to be addressed .
factorial experiment will determine which of t he factors of
approach gradient, weathe r co nditions or queue position
significantly affects the discharge he adwa ys of vehicles
approaches to signalized intersect ions in the City of
St . J ohn ' s.
2 aS eeee oe e influen c ing traffic operations at s ig nali ze d
int e rsect ions
Apart from the three main f ac t o r s of in terest in this
experiment, other factors also affect the headways of vehicles
at signalized intersections. The headways of vehicles at any
particular intersection approach at any pa r t Icu La r time are
dependent upon the preva il ing conditions at that approach at
that time . Among the genera l factors that constitute
prevailing conditions are :
R-t he various p hysica l and operating characteristics of
the roadway ,
- t he environmental conditions which have a bearing on
the experiences and ac tions o f the driver ,
-the characteristics of the traffic stream , and
- t r a f f i c control meas ures ,RIB
The 1 985 edition of the Highway Capacity Manual
14
ca tegorized prevai ling co nditions as road way , t ra ffic or
cont r ol conditions l 9, Some of t he more specif ic f actors that
have an effect on headways are d iscussed in deta il i n
followi ng sections .
2. 5.1 Lane wi dt h
A critical re lations hip exists between the wi dt h of an
approac h to a signalized i nt e r s ect i on and t he sa tu rat ion f l ow
at tainable , and , therefore, the h eadways between ve hic les, on
t ha t approach,
Al t houg h va rious r o a d r e s ea rc h authorities would ag ree
with t he preceding s tatement , there a re di f ferences in the
way that the re lationship be t we en approac h wid th and
sa t urat ion fl ow is deve l oped ,
Gene ra lly , t he Americans and Br i tish fee l t ha t the width
of the app roach t ha t is available to traffic is t he cr itical
factor in determin ing inte rsection capacity. The Canadian and
Australian met hods for determining app roach capacity , however ,
are based on t he numbe r o f lanes on an app roach and t he l a ne
width.
The American Hig hway Capaci ty Manual , 196 5 , s tates t hat,
"the wi dt h of t he approach , ra the r than the numbe r o f t r affic
l an es , has p rov ed t o have t he most significan t bearing on t he
capac i t y of a typica l ap p r oac h . n2"
The 1985 edition o f t he Hi g hwa y Capacity Manua l s ta tes
tha t , "la ne a nd sh oulder widt hs c an have a s ignificant impa ct
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on traff i c f l ow. Narrow l an es ca use ve hic l e s t o t r avel c loser
t o each ot he r l aterall y than most d r ive rs would p re fe r .
Motor ists c ompen s ate by s l owi ng down or by observ in g La rqe r
l ong i tudi nal spacing fo r a given speed . This e ffec tively
r educ es ca pacity an d/o r se rvice f low r a t es .,, 21
Research conducted by the British Road Research
La bo r at or y ha s l ed that o rganization t o conc l ud e tha t the re
is a linea r r elat i on ship between t he saturation fl ow on an
approach and the wi d t h of t ha t app ro ach. "Observations of
t raff ic flo w made b y the Road Resea rch Labo ra to r y a t i nt e r -
sections i n t he Lond on area and also in some of the La r qe r
c i t i es , s upp lemented by co nt ro lled expe riments a t t he
labo r ato r y ee s t, t rack . hav e s hown t ha t the sat uration flow ,
S , e xpressed i n passenger car units per hour with no parked
ve hicles is given by
S '" 525 w pcu/h Equat ion 1
whe re W 15 the widt h of t he approach in met res . " . 22
The Aus tralians counter with t he f Ollowing commen t from
A.J . IH lle r , who wrote the sec t ion of the Aust ra lian Road
capacity Guide dea ling wi t h signalized i nte rsec t io ns, "the
capaci ty of a n intersection app roach is c losely r e l at ed t o
t he n umber of l ane s 23
The Cana dian Ca paci t y Gui de for Signalize d I n t ers ections
ag r ees s tatin g tha t , "Satu ration flow i s direc tly affec t e d by
l a ne wid t h, .. . ..24
The I ns t itute of Tr an spor t ation Eng i neers does no t
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initially appear to favou r ei ther side , s tat ing a t one poin t
in t he ir Transpor ta tion and Traffic Eng i nee ring Handbook
tha t,·The width av ailable for app roach t raff ic i s c r it i cal to
inte rsection capacity; i t may be co ns idered eithe r by lane and
l ane wid t h or as a tota l ap proach wi dt h. M25 Yet at another
place, t he Ins titute 's Han dbook seems to favour the Aus t ralian
methodo logy say i ng , "I f, howe ve r, a l l parameters of l e ve l of
se rvice a re considered , inc luding drivi ng comfo r t , it seems
a pp ropr iate to c ons ide r lane width and conf igura t ion as
f ac t o r s [a ff ecting capacity of an approach t o a signa li zed
in t e r s ec tion ] •,,26
An examination of t he s ignalized i nte r s ec tion capacity
charts of t he Hig hway Capacity Manual (19 65) l e d Y.B. Chang
and D. S.Be rr y t o conclude t hat , "the Aust ra l ian approach of
analyz ing i ntersect ion capac i ty by studyi ng cha racteristics
of f low by l an e s eems to hav e advantages [ov e r the American
methodl . ,,27
Intu i t ive l y, t he Aus t r al i an app roach wou l d seem the more
log ical. Acco rd i ng t o the 1965 High way Capacity Manua l
capac i ty charts , a twenty metre wide app ro a c h t o a signalized
in t ers ect i on would have the same ca paci ty if it was de linea ted
fo r fo ur , five or s i x lanes . Th i s woul d not a ppear t o be a
r eal i s tic expectat ion.
In f act, the 1985 Highway Capacity Manua l r e c ogn i ze s t he
12 foot (3 .6 501) lane wi dt h as the i deal co nd i t ion. Narrowe r
lane widt hs are penalized an d wider l ane wid ths up t o 16 feet
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are rewarded . For lane widths greater t han 16 feet the 1985
Highway Capacity Manual s ugge s t s using two lanes. 28
However, if l ane width is t he correct paramete r to
consider when con sidering the capacity of an approach to a
signalized intersection, it remains to determine what effect ,
if any, lane width has on head ways •
It would seem that wider lanes would allow fo r g reater
saturation f lows and , therefore, smaller head ways on an
approach because of r ed uc ed lateral fr iction. Indeed , Chang
and Berry state that , "the saturation flow of a lane should
increase as its wid th i nc r e a s e s because of easier maneuver -
ability of ve hicles, more com. r t eb Le feeling on the part of
drivers . etc ... 29
But research by Helm and Mille r indicates that lane width
has little impact on t he capacity of an approach to a
signalized inte rsection.
Helm notes that , "nei ther t he range of gradients
encountered nor the wi dth of l a ne available to through traffic
had a significant effect on any of the • • • r es ul t s. "3"
Miller agrees stating that , •••• the width of these lap-
proach] l a ne s has comparatively li t t l e effec t [on capacity)
over a range of approximately t e n to thirteen feet •• 31
However, the Insti tute of Tra nsporta tion Engineers does
not ag ree that l a ne wid th is un i mp o r t an t in its effect on
capacity saying , "na r r ow lanes and intermitten t hazardous
obstructions near the edge of the r oadwa y i ncrease d river
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t e ns ion and f reque n t ly c a use d rivers to selec t l a r ger t han
norma l he adways and/o r low e r s peeds .- 32
Because of t he uncer tainty of resea rche r s as t o whe th e r
o r not lane wid th ha s a ny effect on approach capaci t y i t was
dec ided to inc lude i t as one o f t he pa ra mete rs for cons i de r -
a t i o n whe n ex allining ca ndida te i nt e r s ec tion app r oaches for
possible i nclus i on i n t he data collec tion phase o f t he
e xper i ment .
2. 5 . 2 Turning movements
The effec t t ha t ve h i c l e s c ompleting, o r a t tempt i ng to
co mp l e t e , t u rn i ng maneuvers ha ve on the r ate of satu r a tion
flow at dgna lized inte rsections has bee n hea vily r e s e a rched
and well doc ument e d .
Al t hough r es e a r c he rs do nut ag ree on t he deg r e e , there
i s co ns en s us t ha t turn i ng ve hicles,pa rt i c ul a rly vehic l e s t ha t
c ross t he pa t h of oppo sing t r a f fi c , (left-t u r ne rs i n t he North
American con ve ntion , right-turners i n Br it i sh co nven tion) have
an i mpact o n t he s a t uration f l ows t hat ca n b e a tta ined on
ap p r oa ches t o s i gna l i ze d i ntersec tions , espec i a lly whe n t hes e
vehic les a re c ombined with veh icles t ra ve l ling s t raight
throug h the inte r s ect i on a nd a re IlOt ac c ommo da ted by a
s e pa r a t e hold i ng lane .
R. J . Sa l t er in h i s t ext, Highway Capacity Ana ly si s a nd
~, make s t he f Ol l owing s tatement re ga r d i ng the effects
t hat veh i c les t ur ni ng ac ross opposing t ra f fi c ha ve when th ose
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vehicles a r e combin ed with s t raight -through traffic . Note
tha t whe n Sa lte r re fers t o r i gh t - t urni ng vehicles he is in
fa c t re fe rring to vehicles turning ac r os s t he oncomi ng t raff ic
stream because of the Brit ish convent ion of driving on the
l ef t side of t he roa dway.
"When right - tu rning vehicles are mixed wit h straight -
ahead and left - t urn ing vehicles on the same approach t he n they
have t hr ee effects on t he tra f f i c flow.
(a ) Because they are delayed from t ur ni ng right by othe r
ve h icles in t he tra f f i c st ream, they de lay s traigh t -ahead
veh icles t hat may be f o llowing t hem.
(b )The pre s enc e of rig ht -tu rning vehicles in a pa r t.Lcu Ie r
l a ne tends to i nhibit the use of this l ane by st raight -ahead
ve hic les .
(c )Thos e r i ght -tur nin g vehic les tha t remain in the i n t e r-
section af ter t he expiry of the green period de lay t he start
of t he ne xt phase un til t hey hav e comp leted t he i r
r i.gh t -turning movement . ,,33
Archer , Hall an d Eilon a lso agree that t urning veh ic les
ha ve a n e ffect on sa turation flow. The y approached t he
p r oble m by developing a ra tio o f l e f t-turn ing, right-turn i ng
and s t r aigh t through vehic l es unde r saturated fl ow. Again
the British co nve -i t I c n ap p lies. "sence , the re is a strong
indication that a • ••• rela t ionsh ip ex is ts between l e f t -
- t u r n i ng, r i ght-turni ng and s traight a head veh icles i n
sat ura ted flow con ditions; the ratio be i ng 1, 25 : L 75
2.
Pretty reached a s imi la r co nc l usion as a result of his
research s tat ing that turn ing vehicles do effect the rate of
saturation flow that can be rea ched on an app roach to a s i g-
nal i zed intersection . Aga in the reference i s to t he British
convention. "Both • • • show, howeve r , t ha t satura t i on f low is
red uc e d by the presence of right-t u rn ing veh i c l e s ••• ,,35
Research that ha s been conduc ted in t he United a- aces
ag rees wi th the results that have been ob tained in Britain.
The Hi ghwa y Capacity Manual , 19 65 , s tates , " I nters ection
approach capac ity , like the capacity of other highway
e lements , is influenced by t he inherent characte r istics of
t he t r a f f i c being accommodated. These cha racter is t ics i nclude
t he amoun t o f tu r ning traffic . ,,36
The 1985 Highway Cap acity Ma nual no tes, "tha i mpact of
turns on saturation flow r a tes is very much dependen t on the
mode of t urning ope rations ". 37 The mode of turning operations
refers to whet her turns operate out of exclusive or shared
l an e s .
The I nst itute of Transpor t ation Engi nee rs also no t es t hat
vehicles turning ac ross op posing t r af fic have a dele terio us
i mpact on the movement o f t h r ough t r af f i c on an inters ec tion
approach. "Major contr ibutors t o traffi c de lays are, as prev-
i ously no ted, l e f t -tur n a nd , to a l es s e r e xtent , r igh t - t u rn
mov eme nt s .• • •Higher service volumes c an be acc ommodated if
thes e movements a r e r emove d f rom the main through l a ne s by
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channelization or lane .a s s i gnme n t . "38
The I nstitu te of Transportation Engineers also s tate
that , "Left- t urn i ng vehicles not provided with a s epa r a t e lane
or phase mus t await gaps in the approaching traff ic and thus
c reate delays to themselves and to following veh icles in the
same lane . ..39
Research that has been conducted i nto what hap pe ns at a
signalized intersection when l e f t turns are restricted is not
conclusive. Bartle , Sko ra and Gerlough found that s a t u r a tio n
f l ow i nc r ea s ed somewhat when vehicles wishing to turn across
oncoming traffic were prevented fr om SCi doing . They s t a t e
that , " • • •one intersect ion was studied at which l e f t turns
were proh ibited , and the data , t ho ugh inconclusive, indicate
t ha t time spacing was thus reduced. "4111
Work by both British and American researchers indicates
that the impact of tu rn ing vehicles i s more p r onounce d when
successive vehicles in the traff ic s t r ea m attempt a tuming
manoe uvre , o r when the turning ve hic le is a large vehic le
l ac ki n g t he acce leration capabilities of a passenger car.
Helm , as a result of his research, no tes tha t , " I n
con trast with an observed twenty to thi rty per cent increase
i n the time interval between successive vehic l es turning
free ly f rom a stream through la rge acute ang les , one such
vehic le in isola t ion had no significant effect on the rate of
discharge • • • Heavy vehicles turn ing t hr o ugh ninety degrees
occupied approximately twenty-five per c e nt mo r e time i n t e rv a l
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tha n if proceeding s traight th ro ugh the j unc t ion. ,,4l
Researchers generally ag ree t ha t right turn i ng vehic les
do not ha ve as severe an impact on t he movement of t h rough
tra f fic as t hat p rod uced by l e f t turners , chiefly because a
dr ive r wishing t o turn righ t do es not have to wait f o r an
ac ceptable gap i n the oncoming tra ff i c st ream t o comple t e h is
manoe uv re . The r a t e at which veh icles tu rn right at a
signal i zed intersection i s , generally gove rned by the c urb
r ad i us a nd by t he presence of pede stria ns who may be crossing
the street into whi ch t he ve hicle is tu r ning.
The Hi ghway Capacity Manna l , 1965 , no tes t ha t , "Right
turns a lso influence i nte r section capacity I n varyi ng deg rees ,
depending on cond itions a t t he i nte r s ect i on. ,,42
The Insti t ute o f Tr an sp ortat i on Engineers ag rees stat i ng
t ha t, "Ri ght-t ur n i ng vehic les have some effec t on i nte rs ect i on
capaci ty because , t yp ica l l y, a sho r t - ra dius tu r n requires
s low i ng co ns ide r ab ly be low th r oug h t ra ff ic speeds ... 43
Bartle , Sko ra and Gerlough a lso a gree, co nc l ud i ng in
t he ir wo r k. t hat , " • •• t he e xten t o f right tu r ni ng movements
may be [a n] i mportant factor in dete rmi ni ng s tarti ng de la y . ,,44
As a r es ul t o f t h i s ev i de nc e t ha t tu rn i ng veh icles have
a pronounced effec t on the be ha viou r o f traffic on an app roach
t o a signa li zed in t e rsect ion , i t was decided that t he
p resence , o r absence , of t urning t ra f fic wo ul d be on e of the
f a c t o r s considered when selecting in te rsec t ion app roach es upon
which t o co llect data f or t his ex pe riment .
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2 .5.3. Pre s e nc e of pedest rians
The presence of pedestrians at a signalized intersection
ha s a definite effec t on the behaviour of drivers attempting
to pa ss through that intersection.
If pedestrians crossing an approach are slow in clearing
the crosswalk the effect on t he flow of traffic is i mmedi a t e
and obvious. However , research by Greenshields , Shapi ro and
Erickson indicates tha t e ven after pedestrians have cleared
the app roach their presence may continue to affect dr ivers.
Greenshields, Shapiro and Erickson conc luded tha t , "even
after the pedestrians had moved out of the way for the first
c a r, thei r nearness seemed to have an effect on the reaction
time o f s uc c e edi ng d rivers . This phenomenon held throughout
the observations 0 ,,45
Bartle , Skora and Gerlough ag ree with this observation 0
As a result of their research they concluded that the volume
of pedestrian cross traff ic may be an important factor in
determin ing the starting de l a y of vehicles entering signali zed
intersec tions. 46
The 19 85 Highway Capacity Manual notes t ha t, "pedestrian
flows (0' ol will interfere with permitted right-turn and left-
t u rn moveme nts o,,47
Because of these indications that the p resence of ped-
estrians on approaches to signalized intersections may have
an effect on how d rivers behave , it was decided that the
2.
pres en ce o f p e de s trian s woul d be a fac to r co ns ide red whe n
selec t i ng c a nd i da te i nt e r s ec t i on appr o a che s fo r col l ec t ion of
da ta .
2.5.4 Condition of t he driving surface
Road ways with de te rio r a ted driv i ng su r faces genera lly
opera t e a t l o we r levels of service t ha n r oadwa ys with well
mai nt a i ned pa ve men t s .
The High wa y Capac ity Manua l notes t hat, ·A de terio r ated ,
poo r l y - mai nta ined pavement ad ver s ely a ffec t s l eve l o f service ,
particula r l y in terms of speed , c omfor t, economy a nd
s afet y • ••• 48
If t he a pp r oa ch t o a s ignalize d int e r s ec t i on and /o r t he
s ec tion o f s tree t i nto whi c h t ha t appro a ch empties , have
driving eueeeces of poo r qua l i ty , ve h icle opera to rs may tend
t o ac c e l e r ate from ebe t r a f fi c signa l l e s s qu i ck ly than no rma l
in an e ffort , i n t he ex t r eme case , t o l es s e n the p oss i bility
o f dama ge t o the ir ve hic les , a nd , i n the routi n e case , t o
l essen d iscomfort t o themselves an d the i r passenge rs .
Th i s pote n tia l r ed uc tion of the r a te of acce le r a t i on
t r anslate s i nto fewer ve h i c l es n ego t i a ti ng th e inters ec t ion
durin g any g i ve n green per io d r e s ult i ng i n a l ower ra te of
s a t ur a t i on flow .
To avoid the possibili t y of su ch a n e f fec t o ccur ring in
t his s t udy t h e driv ing s urface s o f app r oa ch e l!l c ons id e r ed f or
i nc l us i on i n th i s s t udy we r e i nspecte cl t o ens ur e tha t t he i r
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c ond i t ion had no e ffec t on the hea dwa ys of vehicles travel l-
i ng on t hem .
2.5 .5 Traffic operations
The manner i n whic h tr a f fi c operates on an approach to
a s ignalized i nte rsection has an obv io us e ffect on the
capaci ty of t hat app roach .
Among t he ope re t t cnzI factors that impact on i nt e r s ec t i on
approach ca pacity are t he t ype of op eration on t he app roac h ,
one -way o r t wo-w a y, the presence and l ocat i on of bus s tops on
t he ap p r oac h , and the parking c onditions on the app roach .
The fir s t two f a c t or s a re d iscussed in this section .
The effec t of pa r kin g on capacity and h e ad ways is discussed
se para te ly in Section ~. 5 . 7.
It is a g r ee d by traffic eng i nee rs t hat approaches to
signalized i n tersections on on e -way st r eets us ua lly operate
more ef fic i ent ly t han app r oa c hes on t wo- way s treets.
The In stitute of Tr ansporta t · on Engineers notes that ,
"Inters ect i on co nfl i cts a nd de lays are a principal cause of
congest ion and reduced trave l time on two- wa y urban -
s t ree t s ... 49
The Inst itu t e' s Han dbook c o ntinues , s tating tha t ,
"One - wa y opera tion is ge neral ly more efficient than t\.,o -way
ope ration f o r a give n street widt h . Bas ed primarily on data
fo r signali zed i nterse ction approaches , i t woul d appea r tha t
t he a dvanta ge o f one -way ope r ation is of the magnitU de o f ten
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percent t o twen ty pe rc ent , _511
The increase in capacit y of intersection approaches on
one -way streets over that attained on two -way streets i s at-
tributed (1) to e limin ation of fr iction with oncoming traffic
and (2) t o the elimina tion of conflicts bet we en left - turn i ng
vehic l es an d oncomi ng t r a ffic.
This is cons i s t ent with what t he Ins titute of Trans -
po r t at ion Engineers sa ys when it notes that, "rne principal
bene f it of one -wa y operation i s to permit left t ur ns (right
turns in England and Australia ) to be made withou t in t e r-
f er e nce from oppo sing traffic , wSl
The Asso ciation of American State Highway and Trans -
portation Of f i cia l s agrees noting t ha t , "One of the advantage s
of one- way s treet s is that , Wt r af f i c capacity in roos t ca ses
is increased as a result of r educed medial and intersectional
conflicts a nd more efficient ope ration of traffic control
devices . "52
The Highway Capacity Manual {l96S) t r eats the type of
operation on an i nt e rs ec t io n ap proach as one of t he basic
condit i ons unde r which other f act o r s t hat influence the
ca pa ci ty of signalized in te rsections a r e eva l uated . The
Highway Capacity Manual (l965) handles s epa r at e l y t he cepac i t y
analysi s procedures fo r one-way and two - way approaches.
The p resence and l ocation of a b us s t op on an approach
t o a s i gna li zed intersection a l so ha s an impact on the
capacity t hat c an be obta ined on that approach. This is
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particularly true where there is no provision made to remove
t he bus from the travel lane during its stop.
Interestingly, the British and Australian capacity
analysis procedures do not consider the effect of bus stops
on the capacity of signalized intersections . The Ameriean
Highway Capacity Manual (1965) . however , includes a series o f
nomographs that are used to develop correction factors that
give consideration to both the presence and location of bus
stops .53
The 1985 Highway Capacity Manual uses the number of buses
that stop per hour on an approach as a capacity cons Ide rat Ion ,
"The bus blockage factor , f bb• accounts for the impacts of
local transit buses stopping to discharge or pick up
passengers at a near-side or far -side bus stop .,,54
General ly, far-side bus stops have less impact on the
capacity of an intersection than near-side stops , especially
when right turns from the street under consideration are
heavy. A far-side stop moves the bus out of the cur b lane
where these right turners would be. 5S
To eliminate t he effects that traffic operations may hav e
on intersection approach capacity, the factors discussed above
were duly cons idered when various intersection approaches were
examined for selection as approaches upon which data was
collected .
2.
2.5 .6 weather conditions
weather conditions can seriously affect the opera tion of
moto r vehicles on approaches to s ignalized i n t e rs ec t i ons.
At the extreme , b lowi ng s now and blizzar d con ditions can
grea tly r educe i nt ers ect i on capaci ty while d r amat ically
i n c r e as i ng veh icle headways , Icy c onditions or he avy r a i n f all
can p roduce s imi lar r es ults .
Research that ha s bee n cond uc ted on t he effec t of less
ext reme weather conditions on vehicle headways and satu ra tion
flow is not conclus ive, although most of the litera t ur e re -
se arched i n t he course o f t his experiment indicates that
wea t her doe s s ignific a ntly affect t he beh av iou r of d rivers .
As the I ns t itute of Tr anspo r ta t i o n Engineers s tate in
t he ir handbook, "When a dr iver 's visibility is res t ric ted by
da r kness o r in cle men t weat her , his choice of speed and headway
ca n be e xpected to be a ff ec t ed . " 56
This s ta t ement i s s uppo rted by t he wo r k of Berry and
Ghandi, and by t hat of Helm.
As a re s ul t o f the i r research , Be rry and Gha ndi co ncl uded
t ha t, "The nul l hypothesis (that t he mean headw ays f o r ea ch
set of advers e wea t her and v is i b i l ity co nd i t ions were t he same
as fo r dry-da ylight c on di t ionsl had t o be re j ec t ed fo r all
s i gnif icance l e vels above one pe r cent in bo th cases ,
i ndi cating tha t adve rse weathe r s igni f i cantly inc r ea se d
head....eye , ,,57
Th s re sult is as might intuit i vely be expected and
"
suppor ts Helm 's observation based on his own limited data
that, "Although rain was encountered during only seven out of
more than three hundred hours of field work, the results
obtained dur ing these hours suggested that the behaviour of
vehicles was 5 i9n1£ icantly affected by the weather. ,,58
Research has also been conducted in Canada into the
effect of weather on saturation flow .
Teply at the University of Alberta has studied this phen-
omenon on a macroscopic scale and has fou nd that, "There are
significant differences in sa turation flow rates caused by
weather fluctuations typical for long lasting seasonal
conditions i n a given geographic region.,,59
This finding is inc luded in t he Canadian Capaci~
f.Qr Signalized Intersectipns which notes that , "typical
' win t e r I saturation flows are significantly lower t.han
' s umme r ' saturation flows for identica l geometric and traffic
conditions. ,,60
However, some researchers , notably Miller in Australia ,
have concluded tha t weather does not significantly affect
saturation flow . Miller studied the effect of three classes
of weat he r (rain , overcast and fine) on the rate of saturation
flow at signalized intersect ions and concluded that there was
no significant difference between classes. 61
These findings in terestingly enough,are also supported
by the ~dian Capacity Guide for Signalized I n t e r s ec t i ons
which states that . " • • . .•minor weather changes have been found
J0
to have no significan t impact on saturation f low in Canada ,
and can be ig no red tor al l p rac tica l pu rposes .-62
Nevertheless, i t was decf ded that the effect o f ....eather
on headw ays would be investiga ted du ri ng t he cou rse of the
experimen t .
2 ..5 . 7 parking conditions
Parking conditions on an app roach to a signali ze d inte r -
section have a de finite e ffect on t he capaci ty of that
app roa c h. As noted i n the In stitute o f Tr an sportat ion
Eng i ne e r s handbook, -Parke d vehicle s in the v ic i n ity of a
s ignalized intersectio n reduce the space available f or t r af fic
movement and thus t he ca r r y i ng capac i ty of t he
i nte rs ect i on. ~63
The CQna dian Ca pacity Guid e for Signa lized Intersections
agrees s tating , "rn addit ion to the obvious geomet ric ef f ec t
of on-street parking , there is a -frictional- component
in t roduced by parking a nd leaving manoe uvres , car door
openings a nd t he generally cautious behaviour o f d rivers as
tt.ey pe eceed along t he l ane adjacent to t h e pa rked
vehicles. - 64
The Can adian,Bri tish , Australian and America n met hods of
ca lculat i ng int ers ection a ppr oa ch ca pacity all co ns ider the
ef fe c t of pa rked ve hicles on c apaci t y .
The Can adi an manua l regards site obse r vat io ns as
"e as ent LeI " if t he effect of pa r king is to be accurately
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dete rmined . 65
In the Bri t ish system , the effec t of a pa r ked v ehic l e i s
co ns ide red .!I S a reduction in the available epprca -n width
wh i c h, as has been noted in Sec t ion 2 .5 .1 i s considered in
t he British method o f determin i ng i nte rsection capacity a s
being directly proportional to satu ration flow.
I n t he Aus tra l i an system o f calc ul a t ing intersection
approach capacity , wh i c h cons i d e r s ca paci ty by l ane , the
capacity of a cu rb lane is adj us ted dependi ng on the parking
conditions that ex ist on t ha t curb lane .
In the 1 965 Highway Capacity Manual method , the effect
o f pa rk i ng i s accounted fo r by a se r ies o f basic curves for
various condi t ions . 66
AS t he Hi ghway Capac i ty Ma n ual (19 6 5) no t e s , - • •• because
pa r king condit i ons at o r near an approach have s uch a
p ro nou nced effect on i nt e r s ect i on capacity , t he presence o r
a bs enc e o f park i ng is con side r ed to be a bas ic condition wh i c h
should be defined initially be f o r e other facto r s a re
evaluated . The re mova l o f park i ng prov ides a s ubstant ia l gain
i n c ap a c i t y . -67
The 1985 Hig hway Cap acity Manua l recogn izes the e ffect
o f pa r k ing on t he capac ity of intersection approaches by
i nco r po r a ting into its methodology the us e o f facto rs
reflect ing the number of parki ng maneu ve rs per hou r. 68
The se conclusions are suppo rted by re s earc h conduc ted by
Ba rtle , Sko ro a nd Gerlo ugh who no ted that , - Exa mi n a t i on of the
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da ta i ndica tes t hat t he t ....o fa cto r s having t he gre atest effec t
on tillle spli c ing ·S· lh eadlolayJ fo r t he i n t e rs ec t i on appr oaches
s t udi ed a r e (1 ) s tree t loI id t h lind (2) pa rking c o nd i t ions. n69
I n light o f t he fo regoing, parking c ondi tions a t inter -
s e c tio n approaches being c o ns i de r ed for s t ud y were t aken i nt o
co ns i de r a ti on duri ng t he i nte rsection selection process .
2 .5. 8 In tersection :"Cations
It ha s been s ugge s ted that the l ocation o f a s i gnalized
i ntersec tion within a city an d t he s ize o r po pu lat i o n o f t hat
ci t y both affect i nt ersection appr oach c ap ac i t y . However , not
all rese a rc he rs ag ree with both concepts .
while many ag ree that inters ect I on location within a c ity
ca n e ff e c t t he rate of s aturation flow and, hence , the
ca pacity o f an intersection , f ewer suppo r t the i de a of a cor -
re lat io n bet ....ee n the popUl a tion of a city an d t he capac i t y o f
::;ignalized i nte r s ect ions i n t hat ci t y .
The s uppo r ters of t he firs t c onc ept , t ha t i nt e r sectio n
l oca tion ....i thin a c i t y influences app r oach capac i t y , argue
t hat be cause of diffe ring l and us es an d i n t e ns i tie s of
deve lo pment , va r i ous parts of the same c i t y can prod uce
d i f f e re nt inters ection app roa ch capacities , a l l f actor s ot her
than lo cat i on being c ons t a n t .
The Highwa y ca pac i t y Manual (l965) notes that , "ror
tw o -way s t r ee ts , bo t h with an d without park in g, appr oa ch
ca pa c itie s a r e a bout twe nty-five perc e nt h i gh er in all other
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areas t han in the Ce ntra l Bus in ess Dis trict. "n
In the 1985 edit ion o f the Highway Capacity Ma nua l ,
in te r se c t i on l oc ation i n a non -can a rea is co nsidered an ideal
con dit i on.71
The I nstitu te o f Transportation Eng ineers agrees , stating
t hat , • •• •the f unc tiona l capacity a nd serv i ce vo lume of two
phys ically i de ntical i nt ers e c tions can be mar ke d ly diffe rent
J epen di ng on t hese inf luences (f r om ad jacent development]
whic h are d ifficul t t o p red i ct or qu an tify . IO n
Thes e results a re s uppo rted by t he conclus ions reached
by Bart le, Sk o r o a nd Ger loug h who stu died t he inf luence of
i ntersect io n l ocation on mean starting delay a nd co nc fu dod
t ha t t he e ffect of location i s significant at t he 0.5\
l evel . M73
With regards to the second con c ep t , t ha t t he s i ze o f a
city a ffec ts t he capaci ty of app roaches to signalized
in tersections , t he re i s d isag re emen t among researchers.
The High way Capacity Man ual (1 965) no tes that , "one
impo rtant f ind i ng from the a nal ysis of the s ubndt ted
in t e rsection data was s t ro ng ind ication that app roac hes in
any par ticular type of a rea with i n l arge metropoli tan a reas
had h ighe r c ap ac it ies t ha n t ho s e of s imila r geometr ies l oc a t ed
in e qu iva lent areas of sma ller c ities . ,,74
Howev e r , r e search c on duc ted by Mil l e r i n r e l at i on to tile
. rc r a j Lan Road c ap acity Guide l ed him t o c on c l ude t ha t t he re
1s no co rrelat i on b e twee n c apacity a nd ci ty pop ul ation . 75
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Regardless of which s tand is co rrec t , the ef f e c t , i f any ,
o f ci ty popula tion on approach c apa city is not a fac tor of
co nce rn r e lat i ve t o t h i s experiment since a ll ob s erva tions
were made on ap proaches locat ed in t he s a me c ity.
The firs t concept , ho ....ever, t ha t t he l ocat i on of a
signalized in t e rs ect i on within a city affects ap pr oach
capacity , will have t o be co nsidered ....hen s e l e c t i ng i nt e r -
s ec tions at ....hich t o co llect da ta .
2 .5 . 9 Vehi l . , size
There is no doubt t hat ve hicle s ize has a n impact on the
beadways of ve h ic les queued at a signa lized i nters ection.
Thi s f act i s t he basis f or t he co nc e pt of equiva len t pa s s eng er
ca r un its d iscussed in a l ater sect ion.
The d iscussion i n t h i s section is limited to t he e ffec t
tha t passenger cars of di f fering sizes lIIi ght have
inte rsection c a pacity .
Much r es earc h has been con ducted on t he be bev Lour i n
traff ic of ca r s smal le r t ha n t he standard-sized c a r . This
prolife ra t ion of r es e a rc h is a re s ul t o f t he increasing
numbers o f small cars on t he road today.
Generally, t he majo rit y of r e s earc he rs have conclud ed
t ha t th e p r es ence of small cars in t he t raffic s t re a m at a
s i gna li ze d intersection can s i gnif i ca ntly increase t he
c apac i t y of t ha t i nte rsection.
Evans an d Rothe ry c on clu ded a s ~ r esult of their r e s ear c h
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at the Genera l Motors Re s e a r c h Labora tories in Warren ,
Michigan, that , "Smalle r cars give higher intersection
saturation f low• .,76 They cont inued s tating , "The data • • •show
that headway increases with veh i cle size so that [s a turation)
flow, which is the r e c i p r ocal of headway decreases with
ve hicle size.,,77
Eva ns a nd Rothery also offe r ed a possible ex p lanation
f o r the higher saturation f low r a t es achieved at inte r s ec t i on
app r oa c hes when small ca rs we r e present, no t ing that, "Th e
magnitud es o f the c a r-s ize effects [ •• • 1 ar e la rger tha n woul cl
result so lely from p hys ica l diffe rences in ca r she ,
suggesting that t he emaLl. cars are driven differ ently. ,,71~
These c onc l us i ons are consis tent with other work
pe rfo rmed by t he same res e a rc h e r s where they not ed that, " Re a r
b umper to f ront bumper spacing for t he small cars was fo und
to be s tatis t ica lly sma ller tha n for the s tandard sized cars
at the one pe rcent l eve l."79
This l a t t er work does not apply d irectly to the be hav Iour
of small c a r s at sign a lized intersections ; it relates to
vehic le sp acing in un i nterrupted flo.... condit ions , but it doe s
i ndica t e a ge ne ral t r e nd t hat small cars ope r a t e at smaller
t han normal headways , wit h "normal" be i ng t ha t mai n tained by
d r ivers of standard -sized cars .
Resea rch conducted in Canada by Steuart an d shin at
signa l ized i nte rsect io ns i n To ronto supports t he conclusions
r e a c he d by Evans a nd Rothe ry.
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As a r es ult of their r e s e ar c h Steua r t a nd Shin c onc l uded
t hat, · Me as u r ement s of he a dways be twee n vehi c l es being
disc ha rg ed from a queue at siqnalheo ur ba n in t er sect i ons s how
veh icle size t o have a n ef f ec t on head ways d uring s a tu rat ion
flow.· a"
They f ound t hat t he diff e rence i n headwa ys due to ve hic le
s i ze was such tha t sa t ur a t ion f l ow wa s i nc r e ased . ·T he sig-
ni fic an t differen ce be t wee n av era ge he adway s fo r a pa i r of
s mall car s and a pa ir of ful l - si zed c ar s fo r ea r l y veh icle s
i n the queu e s ugges t s t ha t capacity i mpr oveme nt s a r e possible
wi th small veh i cles • • a1
Of i nte r e s t i n the work of Steua r t and Shin wa s a
compa rison of t he av erage veh icle s ize f or dif fe re n t co unt ri es
wi t h the signa l ized in te r s ec t io n capac ity p red i c t ed by t hos e
co unt ri e s ' capa c ity analysis me t hods . " In pe r et c ur e r , as t he
a ve r ag e l e ngth of passenge r cars i ncreas e s (12 . 5 fee t in
J a pan, 1 3 fe e t i n the Uni t ed Ki ngdom , 15 feet in Aus t ra lia ,
17 .5 f ee t in t he Uni ted Stat e s) , t he c apac i t y p rocedur e s show
a red uc t i on in s i gnalized i nt e r sect i on capac ity. ·82
Thi s i s a n i nt e re s t i ng phenomenon t ha t ind i c a t e s t he
possib l e r oo t c aus e fo r t he va ria tion in t he di ffe rent
national ca pa c ity predi c t i on mode l s .
Steuart a nd Shin also a t t emp ted t o qua ntify the effec t
that s ma ll ca r s have on intetsection capac i t y , noting that,
.. ... it i s e s t i mated th at the ca pacity o f a s ig na li ze ,"
i ntersec tion i s i nc r eased by up t o f i ft ee n pe r cen t f o r a
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s tream of sma l l cars ove r a s tream of f ul l -sized ca rs • • 83
Other researchers have r e f ut ed the cla im that smaller
t ha n standard-sized cars can yie ld h i ghe r saturation flow
rates.
As a r esu l t of t heir wo r k, Herman, Lam and Rot hery
r epo rted that small ca rs co uld have an i mpact on u rba n t raffic
flo w but that that impact was not s ignificant . "r' he platoon
expe r ime nts reported here . • • indicate that small cars could
in f l ue nc e the cha rac teris t ics o f u rban t raffic . However , t he
effects tha t can be directly attrib uted to vehicle l e ngt h are
small . ,,84
Forbe s and Wagn er noted tha t , .. . . .no consistent increase
or decrease of t ra ffic headways o r of h ighway capac ity i s to
be expected f rom inclusion o f sma ll and compact veh ic les in
t he t raffic stream •• 85
Whitby ag rees with this conclusion stating , "The r e
appea rs t o be no great d i ffe rence in speed or cons istent trend
t owa r d a h ighe r or lowe r s peed f or compac t or f o reig n c ars as
co mpare d to s tanda rd Amer i c an passenger cars at an y of t he
l oc a t i ons ... 86
Re ga r dle s s of which conclusion is correct , the possible
e ffec t tha t ve h icle si ze may ha ve on ve h i cl e spacing wi ll have
to be conside red i n some manner du ring the intersection
selection p r ocess .
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Notab le is the wo r k of King and Wilkinson i n a study
conducted as part o f the National Co-opera tive Hig hway
Research Program. Th e luain emphasize of their work was t o
de te rmi ne how the numbe r , size and locat ion of traff ic signal
heads affected the headways of discharging veh icles at
signal ized intersect ions.
King and Wi l k i ns on ana lyzed four major c lasses of signal
configura t ions (a ll post-moun ted , single overhead , muLt LpLe
overhead and mixed) and two l ens sizes (2IH~mm and 390mm) .
They conc l uded tha t , .. .. . except fo r l en s size , no class of
configura t ions can be c onside r ed bet te r t han any othe r class
for a ny q ueue position. ,,~9
This r es ul t supports t h e s tand taken b y District 7
(Canada) o f the I ns t itut e of Tr a nsportation Enginee rs t hat ,
"ge neral phenomena such as signal he ad location •••• have been
f ound to have no s ignifican t impact on s aturation flow in
Canada , a nd can be ignored for practical purposes.,,9l
Other researchers have noted that traffic s igna l
figu r a tion and signa l head visibility may i nf l uenc e driver
re s ponse at s ignalized i nte rsect ions.
Bar t le , Sko ro and Ger l ough examined severa l intersect ion
characte rist ics in an a ttemp t t o i de nt ify factor:s that ha d an
eff ect on s ta r ti ng de lay of veh icles at signali zed i ntersec-
tions . The y concluded t ha t r "Examination of t he data
i ndi c a t es t hat s ta r t i ng de lay is independent of • . . the type
of signa l i ns t al latio n at the i nt e r s ec t i on. The visibili ty
"
2. 5.11 Vi sibility o f t he traffic s ignal
In order for a signalized intersection to operate
efficiently one of the many factors that has to be conside red
by the de signer i s the visibility of the traffic signal
i ndications .
The Association of American state Highway and Trans-
portation Officials notes that , "A ba s ic requi rement for all
cont rol led inte rsections i s that drivers must be ab l e t o see
t he co ntrol dev ice soon enough t o perform the action i t
i nd icates . " 87
The I nstitute of Transportation Engineers agrees s t a t i ng
that , "Traffic s ignals must always be easily see n and readily
recognized by the r oa d user and their me a ni ng must be clea rly
understood. 1188
To prevent confusion and, hen ce, uns a f e co nd itions from
deve loping at signalize d in tersections , r oad autho rit ies in
many jurisdictions adopt a standard of de sign s uch as the
Manua l of uniform Traffic Control Device s f o r Canada which
details gu id e lin es f o r traffic signal installat ions .
As i s noted by t he Institute of T r an s~o rtat ion Engineers
in t he i r ha ndb ook, "Gr eat est observance i s ac hieved by
uniformity in the app lication and appearance of traffic
s i gn als . . ... 89
The re has been some resea rch conduc ted into the effect
of traffic s igna l design upon discharge headways on appr oa c he s
t o signalized i nt e r s ec t i ons .
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of t he s i g na l faces ma y be a fa ctor . bu t th is cou ld not be
evaluated f r om these da t a • • 92
Therefore, as i t has been shown tha t sig nal l ens s ize
does a ffec t ve h i c l e performance a t signalized i nt e r s ections
and that the v is i bili t y of signal faces Illa y 0111-0 have an
e f f e c t , t he s e f actors wil l re quir e d ue consideration when
ca ndidat e approache s are con side red for dat a collection .
:- . 5. 11 Approach g radi e nt
The eff ect of gr a d i ent on the accele ra t ion ab ilities of
veb Ic res is univE'.r s a lly r eccqn i eee ,
Many r oa d a ut nc r Lt Les recommen d t he use of fac to r s o r
ra tios to a~jus t t he beh aviour of vehicles on no n-level
eer ee rn so tha t it app r oxima t es the be haviour of vehic les on
l e vel te r rain .
The Canoditn Capacity Guide for Signalized Iot e~
r e coaeende that , ·the saturation flow fo r eac h lane s hould be
adjusted +H f or every 11 sl ....pe dvwnh i ll , an d - 11 f o r every
1\ grad i e nt uphill ••• • 93
The Association of Amer ican Sta t e Hi ghway an d Tr a ns -
portation Off i c i a l s uses the ratios co n taine d in Tab le 1 t o
compe ns a t e for t he effect o f g rad ient on ve hicle operating
character is ti c s • 94
Po similar t able is co nt a i n ed i n the Man ua l of c eone tr Ic
De s i gn St a nda rds f o r Ca n adi an Road s p r odu c ed by t he Roads an d
Trans po rtat ion As so ciation o f Canada a nd rep roduced here a s
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Table 1 Effect o f grade on ac ce lera t ing t i me at s i qna l I ze d
i nt e rs ec t ion s
cros sr oad g rade (per cent)
Deuign
vehicle
-. -2 +2 +4
e ,7 a, 9 I. ' 1.1 1.3
SO e , 6 a,9 I. . 1. 1 1. 3
WB-se • • 6 a, 9 I.. 1.2 1. 7
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Table 2. 95
The result is , as would i n t u i t i vely be expected , that
negat ive g rades tend to aid t he acce lerating abili ties of
vehic les while pos it ive g rades tend to make accele ration more
difficult.
Howeve r , r e s ults of e xpe r i ments conduc ted to dete rmi ne
the effec t of gradient on the s atura tion flow of t r a ff i c at
signali zed intersec t ions are no t entirely supportive of tha t
conc Ius r on .
Res ea rc h perfo rmed by A.C .Diek in Grea t Britain led him
t o co nc l ude t hat g radient does affect the sa t ura tion f l ow rate
tha t c an be a tta i ned on an approac h to a signalized
inte rsec t io n. "The r esults show tha t a n i nc r ease of one
percent i n gradient (in t he r ang e of gradient of -5 .2 percent
to +8 .1 percent) p roduces a dec rease of t h r e e percent in t he
satu ration f 10 w. ,,96
The s e results have be en wide l y quo ted by o thers ,
including Salter a nd t he I nst itute of Tr anspor t ation
Engi neers . However, r eeea rch c onducte d by Helm , a lso i n Grea t
Bri ta in , r es u l t ed i n h i s conc l us ion t h8t, "Neither the range
of gradients encoun tered nor the wi dth of lane available t o
thr ou gh tra ff i c had a sign i ficant effec t on a ny o f t be
••• results. ,,97
Thi s is a n i nte r esting resul t as i t appea rs t o co ntradict
t he e f fect that would be e xpected . Eve n more inte resting are
the r e s ul t s of research perfo rmed by R. A.Conley in the United
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Tabl e 2 Adj ustmen t o f length of s pee d cha nge lanes for gr ade
direction gr.nde ratio of length on grade
to length on level
up 5% ' .6
up JI t o 5% ' .9
up , down JI I.'




Conley s tudied t h e t i me spacing ee evee n vehicles entering
s igna li zed in tersectio ns f rom a pp r oac he s having gradien t s
ranging from +9 pe rcent t o - 14 percent . He concluded that
bo th pos itive and ne gat ive approach g rades t e nded t o in c r e a s e
s light ly t he c a pa c ity of an i ntersect ion. 98
From his r e s u l t s Con l ey conc luded t hat a n e ga tive g rade
on an appr oac h r - .u Lt ed i n inc r eased capac ity of t hat
app r oach . Thi s con clusion i s in ac corda nc e wit h t he
a nticipa t ed result t ha t downgr ade s aid a c ce l e ra t ion .
But Conl ey ' s r es e a r c h a l s o l ed h im t o conc l ude t ha t a
posit ive grad e on a n appr oach to a s igna li zed i nt e r se c t i on
re s ults i n an i nc r ea s e i n c apa ci ty above t hat o f a l e vel ap -
p ro ach . A graph of Conle y' s r esu lts is i ncluded as Figure
2 . Conley ra t i onalize d th i s resu l t by hypo t he s i z i ng that
d r i ve r s of vehic les on p ositive appr oac hes are mo r e ale rt to
the ch ang e of t he t r aU i e signa l t o green , a nd t en d,
c ons c i ous l y o r s ubcons cious l y , to c ompe ns a t e f or the effect
o f g r a de on t heir vehic le 's pe r fo rmanc e . 99
From the p r ec e d ing discus s i on i t is appa r e n t t hllt ,
a ltho ugh phys ica l lavs d ic t ate that nega tive app r oach grades
aid veh i c l e a cce leration c ap abil it ies a nd positive ap p r oac h
g rades de t ra ct from t hose capabil iti es , the be haviour of
vehicle d r i vers o n appr oach es t o s ig na li zed i nt e r s ections may ,
i n e f f ec t , ac t t o counter ac t t hos e p hys i c a l laws.
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other factors , the effect of approach grad ient on t he
be ha v i o ur of driver s a t signalized i n t e r s ect i ons in the City
of st. John's .
2 .5 . 12 Queue position
As has been noted, s e v er a l re searchers have s t a t ed that
headways of vehicles i n early queue positions a r e generally
larger than those of other vehicles. These l arge r heedvays
have been attributed to a phenomeno n called sta rt i n g de lay,
which as its name i mplies, is the de l a y queue leader s
experience in reacting t o a s i gna l change .
Evan s and Rothery noted that headways in the f irst three
queue pos it ions were larger tha n those for other queue
positions . HIIl
Greenshields , in his c las s i c work on traffic, 'ttillk
Pe rfo rmance a t Ur ba n Street Intersections, f ound a level ling
off trend in hea dways after the first fi ve queue pos itions. Un
And, Ancker , Gaf arian and Gray noted that vehicle
discharge headways decrease to queue position 7 but are not
s t a ti s t i ca lly s i gn ifica n t l y different from position 7
onward . H12
This research by others indicated that discharge he adway
a nd queue po sition were related. Accordingly, the position
of a vehicle in the queue had to be given consideration i n
this exp eriment a s a f a c t o r t ha t: nJight influence d i scha rge
headways .
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2 a5 . 13 Additional fac t o rs
There are additiona l factors other than those discussed
above which may also i nfl uence t he ope ration of vehicles on
app roaches to signal ized in tersections . Several of these
factors are discussed briefly i n this section.
The speed limit p oa eee on a stree t may ha v e an effect on
the behaviour of dr ivers leaving signalized in tersec tions
along that street. Drivers leaving intersections on high
speed facil ities may tend to accelerate more rapidly tha n
drive rs on streets having lower speed limits a !'<lternatlvely .
drivers on t h e high speed s treet may simp ly maintain for a
l ong e r period the same ra te o f acce lerat ion maintained by
drivers on t h e s treet with the low speed limit. Because the
rate of acceleration may impact on the departing vehic les '
spac ing , t he speed lind t on the approaches to signalized
in te rsections that are cand idates for observation ....il l have
to be given cons idera t ion as a factor t hat Dlay influence
head ways •
Traffic in ter ference , generally f rom downs t ream t r a f fi c ,
ca n a lso impact on the heedways of vehic les leav ing signa lized
intersect ions .
!'<s noted by l\ncke r , Gaf adan and Gray i n a paper which
was p resen ted at t he Thi r ty -F i rst Na tiona l Meet i ng of t he
Operations Research Society of America, " I f a do wns tream
bot t l e neck has c aused veh icles to bac k up to t he i ntersect ion
of interes t , t he behaviour of the vehicle -d river comb ina tion
undo ubted ly dif fers c ons ide rably from behaviou r when t he r e i s
no do wnstream bot tleneck . ,,1'J3
Accordingly , ca re will hav e to be taken when selecting
t he s t udy intersections t o ensure t hat t hey a re spaced at an
a deq ua t e dist ance f rom downs tream in t e r s ection s to prevent
such in te r fe ren ce f rom occu rring,
The t i me of day may a lso have an in fluence on the
behaviour of dr ivers at signalized in ters ectir .IS . Vehic les
i n peak traff i c c ondi tion s may exhibit diffe ren t headway
ch arac terist ics tha n veh icles in off -peak conditions, although
r es ea r ch by Teply does not sup p ort th i s assumption. He no ted
t ha t , "Although some l ocations and some interva ls indica te
slightly lowe r val ues o f saturat ion flow f o r of f -p eak
co nd i t ions, th is co nclusion can no t be applied ge nerally s ince
t he ma gnitudes l ack the n ec e s s ary stab i li ty . " UI4
The lli ghwa y Capa c ity Manu al (1965) does indi rec t ly
cons ider the time of da y when compu ting the c a pacity of an
approach t o a signa lized inte rs ec tion t hrough the use of peak
ho ur factor s .
acweve r , t h e r eality of the s itua t ion loca lly i s tha t
t here a re fe w satura t ed cyc les e xper ienced a t t imes othe r tha n
peak pe riods. Neve r the less , the t ime of da y, pea k ve rsus
off -peak , will be cons idered d uring t he data collection pha s e
of the experiment .
The c lass ification of a pa r ticular s treet is e noeher
factor whi c h may i nflue nce veh icular he a dwa ys o n ap proaches
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to signalized i ntersect ions on that street .
As a r ul e , traffic signals are not gene rally i ns t al l ed
at in t e r s ections of local streets . But intersect ions of
co llector streets with arter ial streets , and arter ia l streets
wi t h other arterial st reets are prime candidates for
signalization .
neceuee tbere i s a basic di f ference in the degree of
access to adjoining l an ds under t he s e two c l as s i f i c a t i ons ,
traff ic on a co llector street might be subject t o more
friction from adjacent deve lopmen t than wouLd traffic on an
ar te r ial s t r eet .
This friction may affect drive rs to t he exten t that
headways may be affec ted . Therefore , the classif icat ion of
t he streets be ing cons Lde r ed for da ta collection ",'i ll also be
considered during the intersect ion se lection p r ocess .
2.6 Conclusion
I n t he pre c eding sections of this chapter many of t he
factors t ha t have been p roven to have an e f fec t o n vehicle
he adwa ys on app roaches to s ignalized in tersec tions , and many
o f the factors which ha ve been hypothesized to i nfluence those
veh ic le heeavays , hav e be e-n d i s cus s ed .
The next phase of t h e experiment is to identify , f a t' data
co llection, intersection approaches tha t have all these many
f a c t o r s , other than the f ac co r s of in terest ,neutra l ized or
ne gated in some manner .
5'
CHAPTER THREB
3.1 SBLBCTION OF STUDY INTERSECTIONS
3 . 1 Introduct ion
There were sixty- n ine s ignalized in tersections i n the
City of St . John's at the time this e xpe riment was conducted .
The locations of these i n t e r s e c t i ons a re shown in Figure 3 .
Al though much progress has been made by the City in
recent years in an e ffo rt to stan da rdize the appl ication of
t r a f f i c signals and thei r i nsta l l ation, t here sti ll ex ists a
wide r e nve of signal ized in t ersec t ion co nfigurations in the
City. Fe w in tersect ions t rea t the f actors discussed i n Chapter
Two and listed i n Tab le 3 i n exactly the same manner.
This Chapte r out lines t h e methodology us ed to se lect
i ntersect ion approaches as candidates for data collection.
The Chapter con tains a d i s c us s i on of the l e ve l s t hat were
assigned to each of t he va rious factors that a f fect vehicle
discha r ge headways a t s ignal ized i n t ersections .
Each of the 24" intersection approaches in t h e Ci ty was
co ns ide r ed d uring the a na lys is stage . The level of each
fac tor wa s re co rded fo r each candfda t e app roach. The
r ea u Lt.Lnq database wa s ana lyzed in an at temp t to produce a
g r ouping of inte rsect ion approaches having the same levels
for t he va rious f actors . Thi s homogeneous gro uping was t h en
used f or data collection.
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Figure 3 Loca tion of signalized i nt e rs ect i ons i n the Ci ty of
St. John ' s
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Tab le 3 Fac to rs i nfluencing traffic opera tions at signalized
intersections
1. lane width
2. turning ncvcmen ca
3 . presence of pede str rene
4 . condi tion of the driv ing surface
5 . t r a ffic ope rations
6 . weather conditions
7 . pa rking cond itions
a . intersection location
9. vehicle size
10 . v is ibility of the traffic signal
I I. approac h gradient
12. que ue pos ition
13 . speed l i mi t
14 . traffic i nter ference
15 . cycle Lenqt h
16. time o f day
17. st ree t classification
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3 .2 Discus sion of levels assigne d to the v a riou s inters ect i on
app r oa ch f actors
To e nable each i n t e r s ec t i o n app roach to be evaluated on
the bas i s o f t h e facto rs listed i n Table 3 , levels had t o be
assigned t o each fac t o r t o a l lov approaches haVi ng the salli e
levels of t he va r i ous factor s t o be i dentified.
The l e ve l s that were ass i gne d t o each fa c t o r a r e s he en
in Table 4 and ar e discussed ~ief ly i n the f ollowing
s ect i ons . Some of the levels a re qua li tative ,
des c r i p t i v e a nd s ome a r e quantitative.
3.2 .1 Lane wi dtb
The levels that wer e a s s i gne d to t he l ane wi dt h f ac t or
(1) ad e quate - i nd i c a t i ng t hat the lan e width i s a t l e ast
3 . 0m, and
( 2 ) inad equ ate - i nd icating tha t the l ane wid th i s less
t ha n 3.9m.
The 3 . 0m va lu e fo r lane wid th was selected as t he
div id ing criter ia bas ed on re s earch co nd ucted by Miller i n
Australia where he f ou nd, .... . the wid th o f tt.esc lanes
[approach l a ne s to s ignalized inte rsect i ons I ha s compa r a ti ve l y
little effect [o n capa c i t y ] ove r a r a nge o f approx imately 1 0
to 13 f eet. fll "S
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Tab le 4 Level s as s igned t o f ec c o cs influencing tl:affic
cpe r a t Ion e at s i gna li zed intersections
1 . lane wid th adequate i nade quat e
2 . turning movements yes
J. presence of pedestrians major minor
..con dition of the driving
s urf ac e good poor
5. traffic ope ra t ions one-way two-way
6 . weather conditions fair poor
7 . par ki ng conditions yes
s , i nt e rs ec t i on location CBD RC DCD 8RA
9. vehicle size n/a
HI.v isibility of the
t raffic signa l go od poor
11 . approach gradient unauLt , suitable





14 . traffic Inte r re r ence yes
15. cycle l e ngt h 5. to lO.
16 . time o f day n/a
n . s treet c lass i ficat ion l oc al co l lector ar teria l
5'
(2) min o r -
(1 ) major -
3 ..2 ..2 Tu r ning movement s
The level s t hat were ass i gned t o t he turning ecveeene
factor are:
( 1) ye s - i nd icating tha t sepa rat e aulli li a ry l a nes fo r
left a nd right t u rn ing t raf fi c hav e be en
provid ed on the a pproa ch t o the s i gnalized
inte r s ect i o n , and
(2) no - indicating t hat such sepa rate auxilia ry lane s
ha ve not been p ro v ided and that t hr ouq h traffic
on the approach under co nside rat io n ha s been
combi ned .... it h l e ft t ur ni ng traffic and / or right
t u rn i ng t ra f fic.
3 .2 .3 z reeence of pe de strians
The levels that were ass i gned to t he pe de strian fa ctor
ind i ca ti ng that t he r e were mor e than f ive
pedest r ians per cyc le c ro ss i ng cne
app ro ac h being co ns ide re d , a nd
indi cating tha t t he re were five ped-
e str ians or l e s s pe r c yc l e .
It must be recognized t ha t the s ele c t i on o f fi ve
pedestr i a ns as the b o rder betw e en a mino r lind a mlljor
ped e s t ri a n pr esence is a r b i t ra ry . Howe ve r , it wou l d not he
unreasonable to a s Burne t ha t fi ve pedestrians pe r cy c l e would
no t have a grea t i mpa c t on the ope ration o f motor vehicles o n
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an app roach to a signal ized intersec t ion .
In f o rmat i on on the vo lumes of pedest r ians at i nt e r s ection
approaches was gathe r ed from data made available th ro ugh the
City of St . .John 's Enginee ring pe pa r , .ent s s t raffic count
program. whc r e info rmation on a specif ic approach wa s not
available from t h i s program the author's judgeme nt was re ea
to dec ide which revet sho uld apply , based on such pa rameters
as l an d use zon i ng in t h e a r ea and the proximity of h igh
volume pedest r i a n gen e rato r s such as s ch oo Le o r neighbourhood
malls.
As a check , during t he da ta co llect ion phase , obse rv -
a tions wer e made on t he numbers of pedest rians on t he s tudy
approaches to e nsure that t he l evel of this fa ctor that had
been assig ned during t h e se l ection p ro cess was in fac t
accura te. For a l l ebudy a pp roaches such was the case .
3 .2 .4 Condition of the drivinq s ur f a c e
The levels tha t were assigned to the driving su rface
condition fac t or a re :
(1 ) good - i nd i c a tin g a City of st. J ohn ' s Eng inee ring
Depa r tment pavement co ndition ra ting of l e s s
tha n 159, an d
(2 ) poor - i nd i c a t i ng a pavement co nd i tion rat i ng of more
than 159 .
The City o f St. J oh n ' s Eng i nee r ing De partment ass igns a
pavement co ndit ion rat ing to its s treets as part of its
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pav eme nt; manag ement sys t em. Surface di s t r e s s f ac to rs s uch as
cracking . r utting and r avell in g a re recorded , a long with
various othe r data , for each street i n the Ci ty . The r e t Inq
numbers used t o describe pave ment sur face co ndition tange ft oa
2D to 61\18 re p r es e nting exc ellen t ant ..a t pavemen t conditions
respect i vely. For the purp oses of this e xpe eIeen e , aft er
d iscussion with City staff , it ",as dec ided tha t t he ec r r ec c
condition rat i ng value of 159 be us ed e ., the bre akpo int
bet....e en good and poo r dr i v in g su rfaces. Gene rall y , ee eee rs
t hat have r ating va l ue s higher than 159 are consider ed by City
staff to be i n poor condition an d lir e cand i dates fo r
r es ur f aci ng or othe r remedi al measures .
3 . 2. 5 Traffic operations
Bas ed on t he disc ussion i n Sec tion 2 .5 .5 the level s t hat
ne ve be en ass igned t o this fac to r a re :
(1) one - ....ay opera t ion , and
(2) two-wa y operation.
3 .2 .6 weather co nditions
The weathe r condi tions on an a ppr oac h t o a signali zed
i nte r s ect i on ar e not an att ribute of tha t intersec t i on . The
s t a t e of the weather is mcr e a hc t or of when data was
r ecorde d than where it was recorded.
For t hi s expe rimen t , ....ea the r condi tions were divided i nto
- f a i r - and ·poor· weather categor ies . Weathe r co nd itions we rt:
"
te rmed "poor " if there wa s s uffic ient prec ipitation t o ca us e
winds h i e l d wipers t o be operat ing . Cond it ions f ell i n t o the
·fair· category i f veh icles d id not ha ve t he i r wipers turned
Teply of the tjnf.ve r r Lt y of Alberta he s ex amined t he
ef fe ct that wea t he r cond it ions ha ve on the rate of seeura t Io n
flow at s ignalized in te rsections bu t he was more conce rned
wit h t he effect of seasonal variations in the weather t ha n
with daily vari ations . Tha t por t ion of his wor k is not
directly applicable to this experiment . l 06
Helm , in Brita in, who also researched sa turat ion f low a t
signal ized intersections, noted tha t, "a l t h ou gh ra i n was e n-
coun t ered during only s ev e n out of more than t h re e hun d red
hours of fi eld work , tae results obtained du r In -j t he s e hours
s ugges t e d t ha t t he behaviour o f vehicles was s ig nificant ly
affected by t he weather •• 107
Hel m's comments confirm to some deg ree that the presence
or absence of prec ipi tation may be t he fac tor t hat affects
vehicle behav Iour ,
Helm 's observations on the effect o f weathe r are
r einfo rced by the conclusions drawn by Berry a nd Ghandi who
noted that adve rse we ather significantly affected headways .
Ba s e d on t he p recedi ng discussion , the l evels that were
as s i gne d t o the we a t her conditions factor a r e :
(1) f a i r
(2) poor
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3 .2 .7 Park i ng cond it i ons
The l evels t hat we r e ass ig ned to the pa rk ing fac t o r a re:
(1) yes - indicat i ng t hat parking is allowed Id t h i n 75m
of the i nte rsec t ion , a nd
(2) no - i nd icat ing that parking is not a llowed wi t h i n
75 m o f t he in tersec tion .
The 7 5m dist an c e t ha t is used as the d ividing c r ite ria
betwee n ap p roaches t ha t s hould be c ons idered as ha ving pa rk i ng
a nd those t hat should be c onsidered a s having no par k i ng is
t ha t r e co mmende d by t he Hi ghwa y capacity Manual (1965 ) . H~8
3.2.8 Inters ection location
The Hi gh way Cap aci ty Ma nual (1965) divides met ropo l i t an
a rea s into fo ur land us e and deve lopment c lass i fications or
t ype s . 109 These c lassi f ications are detailed i n Tab le 5 .
Unfo rtunate ly , t he s e pa rt icu la r land us e c re e s I r a ce t rc ns a r e
n ot d irectly app licable to the City of St. J o hn, s .
The refore , in a n effo r t to more accurat e l y reflect l oca l
conditions , t he f o l l ow1n g fou r c e ceqo r ree of l and us e were
de ve l oped :
(1) CBD, Cen t ra l Bus i nes s Dist r ict : t he def i nition of
t hi s classificat i on is s im ilar to the on e used i n t he lJi ghwa y
ca pa ci ty Manual (l 96 5) ;
( 2) RC, Res i den t ia l Cor e: t h i s c lassifica tion ap plie s
t o t he olde r res i dent h.l a r ea of the City tha t deve loped
a r ou nd t he CBO and whi ch is l oc a t ed in t he pre-I 9 45 a r ea o f
6.
Ta ble 5 Land use c lassifications in the Highway Capacity
Manual (1965 )
1. Cen tra l Bus i ness District
That portion of a Ilun icipality in which the dominant
land use is intense bu siness activity .
2. Fringe Ar ea
That portion of a municipality immediately o ut s i de the
cent ral bu siness district in which the re is a wide range
of business activity .
3 . Outlying Bus i ness Distric t
That po rt ion of a municipality or an area within the
i nfluence of municipality , normally separated
geograph ically by some d istance from the central b us i ne s s
district and its fring /" area , i n which the princ ipal l a nd
use is for business activity.
4. Res i de n t ia l Ar ea
That po: ';ion of a municipality , or an area wi t h i n the
influence of a municipal ity , in which the dominan t l a nd
us e i s r e siden t i a l development, b ut where small business
areas may be included .
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the Ci ty ;
(3) OCD, Outly i ng Commercial Dis trict : t h i s c las s -
ification desc ribes the area o f the Ci t y l oc a t ed between t he
older residen t ia l c or e and the newer s ubur ba n a reas . Typical
land ue os i n this district i nc l ude r etail , ccree e r c f e r e nd
light i ndust r ial ue ear
(4) SRA, Subu rban Resident i a l Are a: t h i s classi fication
applies to the ne we r residentia l s ec t i ons of t he Cit y of
St . J ohn' s , typically t hose developed po st-19 45.
3. 2.9 Ve hi c le s ize
No l evels were ass igned t o t he facto r of v e h i c le 51 ae ,
As p re v io usly ment ioned i n Sec tion 2.5 .9 . t he veh icle s 17(>
facto r r e f e r s t o the effect t hat pa ssenge r c a rs of differing
sizes migh t have o n t he capacity of an app roach t o a
signalized i n t e r se c t ion . The effect that la rge t rucks mi~h t
have on capacity ha s been con sidered t hrough t he use o f
equivalen t passenger car unit s as discussed i n Section 5 .5.2 .
No leve l s were assigne d t o t he f a c t o r of vehicle s ize
based on t he assumpt ion t hat t he percentage o f slha ll cars i n
t ra ffic i n the Ci t y of St. J ohn ' s would be cons tant over t he
en ti r e Ci ty. There is no reas on t o be liev e , fo r i ns t a nce ,
t hat sma ll c a rs constitut e a l a r ge r propo r tion of t he tr a ffic
s t r e am on s t ree ts in the Wes t End than they do on st r eet s i n
t he Eas t End .
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3 . 2. U Vi sibility of the t r a f fic s i gnal
The l evels that were assigned to t he signa l head
vi sibility factor are:
( 1 ) good: indicating that a t least two sepa rate signa l
i nd ications having minimum lens sizes of 200mrn f ace the
app r oa c h be ing considered, and
(2 ) poo r r i ndicating that the approach unde r cons ideration
does not meet the above criterion .
3 .2.11 Appr oach gradient
The vertical a lignment of the approaches to a signalized
i nt e r s e c tion will generally fall into one of the four
categories show n in Fi gu r e 4 .
The levels that have been assigned to the e pp t oech
gradient factor are :
(1) ~: an approach was considered to have an
uns uitable gradient if (a) it wa s l eve l, (b) it was located
on a crest ve rtical curve an d ,h ence , had constantly changing
g radien t or (c) i t was located on a sag vertical c urve , for
similar reasons ; a nd
(2 )~: an appr oac h was cons idered to have a suitable
gradient if (d) t he gr ade was relatively constan t through t he
i nte r sect ion .
3.2.12 Queue p, . ·.ion




















pi gure 4 Suitability of approac h gradient
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a qu eue is not an attribute of an in tersect ion. But , as has
been p r eviously noted , position does effect d ischarge
heed ways ,
Researchers have noted that head ways of vehicles in early
queue positions are ge nera lly l arge: than those of other
vehicles . Thes e la rger headways ha ve be e n attr ibuted to a
phenomenon called s tarting delay , which as i ts name imp lies ,
is t he delay queue leaders experience in reac ting to a s ignal
ch ange .
Evans and Rothe ry no t ed that headways in the f irst three
queue po s itions were l a r ger than those for other queue
posi tions. I UI
Greenshields, i n h i s c lassic worf: on t r a f f i c, 'ril.f..f..k
~nce at Ur ba n St ree t Intersections , fou nd a levell ing
off trend i n beeeways after the first five q ue ue positions . 111
And , Ancker , Gafarian and Gr ay no ted t ha t vehicle
discharge headways d ec r e as e to queue posi tion 7 bu t are not
sta tistically significantly different from position 7
cnwa r d . 112
The number of levels of the vehicle position factor was
arbitrarily selected as twe lve because, as can be seen f rorn
Tab le 6, a f t e r po sit i on 12 on approaches 16 weae and 16 east
the n umber of reco rded cycles drops off qu i ck ly .
However , as stated abov e , research by others i n d i c a t e s
tha t headways l evel off after th€ first seve ra l queued
ve h icles d i scharge. Therefo r e, by obse rv ing up t o the first
65
Table 6 numl-er of recorded cycles by queue pos ition a t
app roaches 16 west and east
+7 . 2% - 7 . 2%
no. of no. of























headways a t t he downs t r eall i nt e rsec tion may ceuse a back-up
tha t will interfere with tra f fic a t the rn ee esec t t cn of
inte r es t .
The paulIx:eters use d during t he select i on process t o
determine if tra ff i c in ter fe re nce WllIS likely on an appr oa c h
to a n i nte r s ec t i on we re t he prox i mit y of t he downs trea lll
intersect ion and t he vcauee of t ra ff i c t ra vel l i nq between t he
int e r s ect i ons .
During the data collec tion proce ss , occur r e nce s o f
t r a f f i c inte r f e r enc e on t he s t udy app roaches , f o! wha t e ve r
rea son (fo r in stan ce, a s t a lled ve hi c l e ) we re t o be no t ed so
th at t he a ffec t ed dat a coul d be discarded. No ins t ances of
suc h i nt e r f e r enc e we r e reco r ded .
3.2 .15 cycle length
The l evels t ha t "ere ass i gned t o t he cycle l engt h factor
(l) 58 s ,
(2) 60 5 ,
(3) 76 5 ,
(4 ) 80 s ,
(S ) 9 0 a , a nd
(6) 10 0 s.
These values rep re se nt the cyc l e l engths i n use at
signa lized i nte r s ec t i on s i n the City of St . J o hn' s .
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twelve vehicle positions in this experiment the po int at which
vehicle headways level off will likely be i n c l ude d in the
expe rimental pop ulation .
3 . 2 .13 Speed limit
The levels that were assigned to the speed limit factor
(1) 3il k.'h ,
(2) 50 k/h ,
(3) 60 k/h, and
(4) 70 k/h.
These four speeds represent the a llowable speed limits
on s treets in the City of St. John 's.
3 .2 . 1 4 Traffic interferenc e
The levels that were ass igned to the traffic i n t e r f ere nce
factor are:
(1) yes: indicating that traffic interference from a
downstream i ntersec tion was likely , and
(2) indicating that such i nt e r f e r enc e was unlikely .
Traffic in terfe rence may be co nsidered to have occurred
if the presence of traffic queued at a downstream i ntersection
affects t he behaviou r of vehicles leaving the i ntersection
unde r obse rvat ion.
Traffic in terfe rence at any par ticular intersection may
be difficlllt to predict. Any factor which affects vehic le
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3~2~16 Time of day
No l eve l s were assigned to the time of day fac to r at th is
point in the experimental process. The time when data i s
recorded on an ';'nte rsection a pp r oa c h i s not an attribute of
that particula r approach . The effect of t he t Lme of day c t,
which data is co llected is discussed in more detail in soc t Lon
2 .S .13 .
3~ 2. 17 St r eet c lassification
The l e ve l s t hat were assigned to the s t reet class-
ification factor a re t ho s e generally used by road and traffic
authorities th ro ughou t Nor th xner Ice . These classif ications
are :
(1) loca l;
(2) co llector ; and
(3) a rterial.
The City of St . J ohn' s Municipal Plan was used t o
determine whic h streets in the City have been designated as
a r terial streets . St ree ts c lassified as co llectors were
identif ied by s taff of the City·s Eng ineering Depa rtment.
A.I l o ther streets were designated as l ocal streets.
3.3 Analysis and selection of study approaches
Each of the sixty-nine s i gna l i zed inter::ections in t he
City of St . Jo h n ' s has been assigned an identifying i nt er -
section numbe r . For each of the t wo hundred a nd fo rty
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s i gna l ized i nte rsect ion appro aches , thi s in t e rs ec t ion number,
p l us a d irectiona l identif ier , toget her with t he app licable
leve l of t he factors listed in Table 3 fo r that particular
approach were ente r ed into a computerized re la tional
data base . The da t abase t hat was deve lo ped i s c on tained in
Appe ndix A, Signa li zed intersection approach da tabase.
Database management aortwe r e wa s t hen used t o search t he
database fo r approac hes to s ig na lized in te rsections that had
the same levels of each of t he facto rs i dent ified in Chapter
Two as i nf luencing traff ic ope r a tions at signa l ized
interoections .
The fi rst t wo cr iter ia employed i n the search in g process
were t he sui tability of the ca nd idate approach wi t h rega r ds
to t he approach g r ad i ent f acto r and t he tu r ning movements
f ac t or, f actors 2 a nd 11 in Tab le 3.
The su itabil i ty of th e approach grad ien t was us ed as a
cri terion i n the i n i tia l search because gradien t i s one of
t he f ac t o r s o f i nte rest i n thi s exper In ene , Approaches t o
s i gna lized inters ection s t ha t d i d not ha ve s uitabl e g rad i e nt3 ,
as def i ned i n Section 3.2. 11 and as illustrated i n Fig ure 4,
co ul d be quic kly disca rded a nd the da tabase s ize accord i ng ly
red uced.
The turning mov ements fac t or wa s a lso empl oyed i n t he
init i al se arcb of t he dat a base fo r accepta ble approaches i n
an at t empt to reduce itb s ize . Ma ny o f t he s ig,1alize~
in te rsec tions in t he olde r, pre- 19 45 dis t r i ct of the Ci t y wi t h
its narrow stree t rights -o f-wa y have approaches without
separate ded icated t urni ng lanes . Such app roaches co uld a lso
be quic kl y disca rded f r om the database .
After t h i s i nitial search was c ompleted , only t went y-
six i ntersect ion a pp roaches remained as p ossibl e candidat.es
f o r data co l lection. These app roaches and the app licable
levels of t he va r ious fac to rs are s ho wn in Tab le 7 .
The dat.abase was nex t searched based on t he criteria of
traffic in t er f e re n ce , driving su rface condition a nd lane
width. Conlpleting t his search eliminated f rom the database
approa ches t ha t we r e s:...bject to traf f ic i nt er f e r ence , those
hav ing poo r su rface c ondi t ion an d th os e having i nadequate lane
wi dt h .
At the same time the two approaches on co llector streets
tha t remained in t he database after t he i nit ia l sea rch (55
east a nd 61 nor th) were also removed since it was fe l t that
the t wo by t hemse lves would not prov ide a l a r ge enough range
of grad ients t o a llow f o r adequa te s t udy o f the effect of
g rade on hea dways .
Aiter this second sea rch the re we r e ntneeeen su i t.able
app ro a ch es r e ma i n i n g i n the da tabase as i nd ica ted i n Tab le
8 . These rem a i n i ng c a ndid at e approaches we r e then so rted in
an effor t to obta in homoge ne o us groupings of approaches
con ta ining t h e same l evels of t he va r ious facto rs i nc l uded i n
t he da t ab as e .
The fi rs t s o r ting was pe r f o rmed wit h the speed limit
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Tabl e 7 Su i tab le i nt ersection app r oachna rema ining a f ter f i rst
sea reh of approach da tabase
1 2 4 5 6 7 8 9 10 11 12 13 14 15
-- --------- --- -------------- ------ -- -- ----- -- ----
1 3 E adeq , Y min .G 2 N OCD G 5 SON Hl0 a rt .
2 3 W adeq , Y mi n . G 2 N OCD G 5 5' N 100 art.
3 4 E a de q , Y min .G 2 N SRA G 5 5' N 10 0 a r t .
4 4 W adeq , 1" min.G 2 N SRA G S 5' N 1'10 a rt .
5 5 N adeq , Y min.G 2 N SRA G S 7 ' N 100 a r t .
6 5 S adeq , Y min .G 2 N 8RA G S 7 ' N l e e ar t.
7 7 N adeq , Y min .G 2 N SRA G S 7 ' N 1"1 0 ar t., 7 8 edeq , Y min .G 2 N 8RA G 5 7' N 1013 a rt .
9 12 E adeq. Y min.G 2 N OCD G 5 5' Y U0 art .
"
12 W edeq , Y min.G 2 N OCD G 5 5' Y 10 0 a r t .
11 16 E adeq , Y mi n.G 2 N SRA G 5 7' N 10 0 art.
1 2 16 W adeq . Y min. G 2 N 8RA G 5 7' N 100 art.
13 21 E adeq , Y min.G 2 N 8RA G S 7 ' N 10 0 a rt.
14 21 W adeq. Y min.G 2 N 8RA G 5 7 ' Y 1"10 a rt .
15 54 N adeq , Y min .P 2 N ceo G 5 SON 6" a rt.
1 6 54S adeq , Y mi n .G 2 N CaD G 5 SOY 60 art.
17 55 E adeq , Y min .G 2 N CaD G S SON 80 ec i i ,
ra 6il N ade q , Y min . G 2 N OCD G 5 5' N 80 art.
19 6il S adeq , Y min .G 2 N OCD G S 5' N 8" art .
"
61 N inadeqY min .P 2 N CBD G S 50N 80 co I j ,
21 64 E adeq , Y min .G 2 N OCD G S 5. N 80 a r e ,
22 64 W a deq , Y min .G 2 N OCD G S 5' N 80 a rt.
23 68 E adeq , Y min.G 2 N SRA G S 5. N 7 0 ar t .
24 68 W edeq , Y min .G 2 N 8RA G S SO N 7 0 art .
25 73 N adeq , Y mi n.G 2 N OCD G 5 5. N 100 a rt .
26 73 S adeq . Y min .G 2 N OCD G 5 6 ' N 100 ar t .
COL. DBSCRIPTION
1 i nt ersec t ion i de nti fic ation number
2 app roach direction
3 l an e widt h adequac y
4 t u rn i ng movements pr esent
5 presence of ped e s trians
6 driving surface co ndi t ion
7 type of t ra f fic op e ra t ion
8 is parking allowed on approac h
9 l ocation t ype
10 v is i bil i ty o f t he signal
11 s uitabil ity of app ro ach gra d i e nt
12 s pe ed limit
1 3 traffic in t erference p resent
14 l e ng t h of cycle
15 cla s sifica t i on of street
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Table 8 Suitable inters ection ap proac he s r e maining afte r
s econd sea rch o f a pp r oach da t a base
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
-------------------------------------------------
1 3 E eeeq, Y min . G 2 N OCD G S SON lD 9 a r t.
2 3 w edeq , Y mi n .G 2 N OCD G S SO N liJB a r t .
3 4 E a de q . Y mi n .G 2 N SRA G S 5. N 16& a r t .
4 4 w edeq , Y mi n .G 2 N SRA G S 5. N 10 & art .
5 5 N edeq , Y nlin .G 2 N SRA G S 7. N 109 a r t.
• 5 S edeq , Y mi n .G 2 N SRA G S 7 . N 109 ar t.7 7 N ede q , Y min .G 2 N SRA G S 7 . N 1911 a r t.
• 7 S a deq. Y mi n . G 2 N SM G S 7. N 1911 a r t .
• 1 6 E edeq , Y min .G 2 N BRA G S 7. N 199 a r t .,. 16 W ede q , Y min .G 2 N SM G S 7. N liBJ a rt.
11 21 E ad eq . Y min.G 2 N BRA G S 7. N I n ar t .
12 69 N edeq , Y mi n.G 2 N OCD G S 5. N 89 art .
13 • • S adeq . 'i min .G 2 N OCD G S 5. N 89 art.
14 64 E edeq, 'i min .G 2 N OCD G S 5. N 80 art.
15 64 w adeq , 'i mi n . G 2 N OCO G S 5. N 80 a rt.
16 66 E adeq; Y mi n .G 2 N BRA G S 5. N 79 art.
17 68 W edeq , Y mi n. G 2 N BRA G S 5. N 79 a rt .
18 73 N eee q , 'i mi n . G 2 N OCD G S 5. N 100 a r t .
"
73 S ad e q , Y mi n . G 2 N OCD G S 6 . N 10 9 ar t .
COL. DESCRIPTI OH
1 i ntersection i dentific at i on nu mbe r
2 a pproach d irection
3 lane wi dth adequ a cy
4 t urn i ng movements prese n t
5 presenc e o f pedes tri an s
6 dri v ing s ur face condi tion
7 type o f traffic opera tion
e i s pa r king allo....e d on approach
9 l oc a tion typ~
113 v i s i b il i ty of the signa l
11 suitability of a p p roa c h gradient
1 2 speed limit
1 3 t raffic in terfere nce present
1 4 lengt h of c ycle
1 5 c lassification of s tre e t
7 3
factor as the sorting criterion . This sort r e s u l t ed 1n three
g r o ups ; t hose having speed limits of 70k/h , 60k /h a n d SDk/h.
.rhe s e gr oupings are shown in Table 9. Because there was only
one su i tabl e approach remaining that had a speed l i mi t of
60 k/h (73 s out h ) thi s approach was de l e t ed from the databas e.
This deletion was performed for r ea son s s i mi l a r to those
mentioned previously when the two remaini ng collector street
approaches were re moved from the database .
As can be seen f rom Table 9, the remaining app r oaches
that hav e a spe ed limit o f 7Bk/h const itute a homogeneous
g r ouping . However, the g r oup of approaches that have a speed
limit of 50k /h do not. There a re differing levels of t he
location fact or an d the cycle length factor contained in this
section of the remaining database . Therefore, this portion
o f the database was sorted us ing the criteria , firstly , of
location and , secondly , of cycle length. The resulting
database, whi ch now contains five homogen eou s groupings of
approaches , is shown in Table 10.
Although all five groupings a s shown in Table IIJ are
homogeneous , there are in f act three approaches (21 east , 4
east a nd 4 west) contained in this da t abase that a r e located
at intersections where the control device is traffic
activated . Because of the po ssibility of extensions to or
interruptions in the cycle length at these approaches they
were deleted from the database . The re vised database as s hown
in Table 11 has four homogeneous g r oup i ngs of approaches. The
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Table 9 Intersection approach groupings after first database
sor ting operat ion
1 2 3 4 5 6 7 8 9 10 11 12 13 1 4 15
1 6 W adeq , Y mi n .G 2 N SRA G
21 E adeq , Y min .G 2 N SRA G
5 S adeq , Y min.G 2 N SRA G
7 N adeq , Y mi n.G 2 N SRA G
7 S adeq , Y mi n .G 2 N SRA G
16 E edeq , Y min .G 2 N SRA G
5 N adeq . Y min .G 2 N SRA G
1 73 S ade q , Y min .G 2 N OCD G S
1 3 w adeq , Y mi n .G 2 N OCD G
2 6 4 w adeq , Y min .G 2 N OCD G
3 3 E edeq , Y mi n .G 2 N OCD G
4 68 E ade q , Y min.G 2 N SRA G
5 60 N adeq , Y min .G 2 N OCD G
6 68 W ade q , Y min.G 2 N SRA G
7 64 E adeq , Y min.G 2 N OCD G
8 60 S adeq . Y min .G 2 N oco G
9 4 E adeq , Y min.G 2 N SRA G
10 73 N adeq , Y min .G 2 N ceo G
11 4 w adeq. Y min.G 2 N SRA G
COLe DESCRIPTION
1 intersection identification numbe r
2 approach direct ion
3 lane ....id th adequacy
4 t urni ng movements present
5 p resence of pedestrians
6 driving surface condition
7 type o f traffic operat ion
8 is pa rking allowed o n app roach
9 location t yp e
HI visibi lity of the signal
11 suitability of approach grad ient
1 2 speed limit
13 traffic interfe rence p resent
1 4 length of cycle
15 classification of s treet
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70 N HI 0 art.
70 N 1 0 0 ar t.
10 N 1 0 0 art .
70 N 1 01l art .
7 0 N 1 0 0 art.
10 N 1 0 0 a rt .
70 N 100 art.
6 1l N Hl0 art.
51l N i aa a rt .
50 N 80 a rt .
Sft N 1 0 0 a r t .
50 N 7 0 ar t.
50 N 80 art.
51l N 70 ar t.
50 N 80 art.
50 N 80 ar t.
50 N IIl 11 art.
50 N Hill art .
50 N H Ill art .
Tab le II Inters ection approach groupings a f ter s ec ond s o r.ting
operation
1 2 3 4 5 6 7 8 9 ra 11 12 13 14 1 5
5 S a deq , Y mi n.G 2 N SRA G
5 N adeq , Y rnin .G 2 N SRA G
7 N adeq , Y rnin .G 2 N SRA G
7 S adeq. Y mi n .G 2 N SRA G
16 W adeq , Y rnln.G 2 N SRA G
16 E adeq , Y min .G 2 N SRA G
21 E adeq. Y min.G 2 N SRA G
4 E adeq , Y min .G 2 N SRA G
4 w adeq , Y min.G 2 N SRA G
68 W adeq. Y mi n . G 2 N SRA G
68 E adeq. Y min.G 2 N 8RA G
3 wedeq, Y mi n.G 2 N OCD G
3 E adeq , Y min .G 2 N OCD G
73 N adeq , Y mi n.G 2 N OCD G
68 S adeq , Y min .G 2 N OCD G
68 N adeq , Y min.G 2 N OCD G
64 E adeq. Y min.G 2 N OCD G
6 4 W adeq , Y min .G 2 N OCD G
COL . DESCRIPTION
1 intersec t i on identifica t ion n umbe r
2 approach d i rec tion
3 l an e widt h adequacy
4 turn ing mov ement s p resen t
5 presenc e of pe dest rians
6 driving s ur f a c e condit ion
7 t yp e of traffic operation
8 is pa rking a llowed on appr oach
9 l oc at i on type
10 vis i bi li ty o f t he s igna l
11 su i tabil ity o f approach g rad ient
1 2 speed limi t
13 t r a ff i c in ter fe rence p resent
14 l e ngt h of cycle
1 5 c lass ificat ion of s t r ee t
7 6
"N HHl art.
"N IIHl a rt.
"N 11/113 art.
"N l e f.! art .
"N If.!f.! a rt .
"N lIUI a r t .
7' N HI " art .
50N 100 a rt .
50N 10 0 ar t .
50N 7 0 a r t .
50 N 7 f.! art.
50 N I f.! f.! a r t .
"' N aaa ar t .50 N 11/10 a r t .
50 N 80 art .
50N 80 ar t .
50 N 80 art .
50N 8f.! ar t.
Table 11 Revis ed database a f t e r delet in g approaches having
t raffic-ac t ua t e d signa ls
1 2 3 4 5 6 7 8 9 18 11 12 13 14 15
5 S a de q , Y mi n.G 2 N SM. G
5 N ed eq , Y min .G 2 N SRA G
7 N adeq , Y mi n . G 2 N SRA G
7 S ad e q , Y mi n . G 2 !'! SM. G
16 W ed eq , Y mi n.G 2 N SRA G
16 E adeq . Y mi n .G 2 N SRA G
4 E ed eq , Y min . G 2 N SRA G
4 w adeq , Y min .G 2 N SRA G
3 W adeq. Y mi n .G 2 N DeD G
3 E adeq . Y min . G 2 N DeD G
73 N adeq , Y min .G 2 N OeD G
61:1 5 edeq , Y min.G 2 N OCD G
6 1:1 N edeq , Y mi n . G 2 N OCD G
64 E eceq , Y mi n . G 2 N OCD G
64 W edeq, Y min .G 2 N OCD G
COL . DESCRI PT I ON
1 inte r s ec tion iden t i ficat ion nu mber
2 approach d i re ction
3 lane width ad equac y
4 turning moveme nts presen t
5 presence of pedestrians
6 driving surface condition
7 type of traffic o pe ra tion
8 i s park ing allowed on app r oach
9 location type
1 1:1 v isibility o f the s i gna l
11 s uitability of app r oac h grad ient
1 2 s pe ed limit
13 traffic in te r fe rence present
14 l eng t h of cycle
15 c l a s sif i c ation of s t r e e t
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7' N 160 ar t .
7. N lee a r t .
7. N 100 ar t.
7. N 19 0 ar t .
7' N 100 ar t.
7. N Hl0 art.
SO N 100 art .
SO N 160 a rt.
SON 10D a r t.
SO N 16 0 a r t .
SON 1 66 art.
SO N 81:1 art.
SO N aa art.
SO N 8e a r t .
SON 8e a rt .
I nue r sec t Ic n approaches upon whi ch dat a wa s t o be colle c t ed
would hav e t o be contained i" one o f t he s e homoge neous q r o.rpe ,
The second a nd t hird g roupings in Tab le 11 were r e j ec t ed
as potential candidates because it was fel t tha t t he y , t oo ,
would no t p rovide a large enough base to allow f or a de quate
study o f one of the f actors of i n te res t, the e ffec t of
grad i en t on neeeva ye , The second g ro uping c ontained on ly t wo
i nte rsection approaches while the thi rd co ntained on l y t hree.
Of the r emaini ng two groupings , the fir st and fourt h in
Tabl e 11 , on e , the f i rst conta ined six a pp ro ac h es and the
o t h e r , t h e f our th , c ontained f our. I n add ition t o offering
addi tional ap proaches f or data co llec t ion , t h e fi rst grou ping
had the ad vantage o f hav ing all t he ap pr oa ch e s loc a t ed on t he
s ame s t reet i n r efe ...~ve l y c l ose prox imity to one a nother a s
is s hown in Figur e 5. This mea nt that observations r ec orded
at t hese app roaches would , i n effect , be obse rva tions un t he
sam e traff i c st ream . This would help nullify the poss ible
effec t o f o ther factors , s uch as the percentages o f f ema l e
drivers a nd commute r s i n the t raff i c flow, whic h migh t
po ten t ially have some effec t on the he adwa ys o f veh i c l e s
l eav ing s ig na lized int ers ections.
Acco r dingly, the first grouping o f a pp r oac h e s i n Table
11 was selected f o r data co llection . In addition , i t was
decid e d t o add on e i nte rsection approach having a r elative ly
fl at g ra d i en t t o the fir st groupi ng to a llow obs e r va t i ons t o
be mad e on an ap p roach ha Vi ng , i n effect, no gradient .
7.
Figure 5 Loc at i on of intersection app ro aches contained in
firs t g rouping of Table 11
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The intersection immediately east of intersection 16
contained an approach that had the same levels for the various
factors in the database as those ass i gned to the approaches
contained in the firs t grouping in Tab le 1 1 with the exception
of the ap proach g radient fa ctor. Th is approac h was added to
the six i nit i a lly se lec ted .
The seven approaches fina lly selected for data ccf Lec t I on
and the corresponding l eve l s of t he database factors ap plied
to them are shown i n Table 1 2 . Note t hat t he "uns uitable"
level of the approach g radient factor was assigned to approach
71 we s t based on category (a) of Figure 4, suitability of
approach gradient.
The l oc at i on of the seven selected ap p roaches is shown
i n Figure 6.
3.,( St udy a pp r oa ches
The seven i nters e c t i on app roaches tha t were selected for
da t a co l lection a re drawn fr om the app roaches to four
different s ignalized i nt e rse c t i ons, i ntersections 5,7,16 and
71 , a s can be seen f r om Figure 6.
Thes e f ou r in te rsec tions are located on a limit ed ac cess
ar teria l s treet tha~. connects r e s i dentia l subur ba n areas to
the north-east and south- wes t wi th several major industrial,
commercia l and i ns t i tut iona l l a nd uses. Th i s commuter
corridor passes adjacent t o or t h r ou gh t wo majo r regional
shopping mal ls , a la rge , light i ndustrial park, the P r ov ince' s
8.
Table 12 Intersection approaches selected for data collection
1 2 3 4 5 6 7 8 9 1.1 11 12 13 14 15
5 S adeq , Y min.G 2 N 8RA G
5 N adeq , Y min .G :l N 8RA G
7 N adeq , Y min.G 2 N 8RA G
7 S adeq , Y min .G 2 N SRA G
16 w adeq , Y min.G 2 N SRA G
16 E adeq. Y min .G 2 N SRA G
71 W adeq , Y min .G 2 N SRA G
COL e DESCRIPTION
1 intersection identif ication number
2 approach direction
3 l a ne width adequacy
4 turning movements present
5 presence of pedestrians
6 driving surface condition
7 type of traffic operation
8 is park ing a llowed on approach
9 location type
10 visibil ity of the signa l
11 su itability of approach gradient
12 speed lim! t
13 traffic interference present
14 length of cycle
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70 N 100 art.
79 N 199 e r r ,
70 N 100 a rt .
70 N HI0 art.
70 N 199 art.
70 N HI0 art.
79 N 100 art.
Figure 6 Location of i ntersection approaches selected for data
collection
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mai n health ca r e f ac il ity , the Pro v ince 's on ly un i ve rs ity, a
l a rge polyt ech nica l i nsti tu t e a nd the s e a t of t he pc ovinci al
Gove r nment .
Thi s s t re et h as a n ave rage da ily t raf fic vc I uee (AM) in
excess of 3 8 , 989 v e hi cle s . Pea k hour vo lumes a re in t he ranlJe
of 3 , OS9 vehicle s per hcur ,
The seven selected app ro ac hes a nd the g cad i ent s o f each
are pres en t e d i n Ta bl e 13 . The gradient s ra nge f r c ra - 7 . 2\ to
+7.2 \. In a ll c a se s , t he ap p r oac he s t hat ve ce s e l e c t ed a ce
cons ide red t he mai n s t r eet approac h es.
Pl an an d pro f ile d r awin gs f or inter s e c t i on s 5, 7 , 16 a nd
71 a r e displayed i n Figu res 7 , 8, 9 a nd HI r espect ively . The
s haded i ntersec t i o n ap p roa c h La r-es a r e t hose up on wh i c h da t a
we r e collected . T hes e sp ec ific l an e s we re selected t o ensu re
that c irc ums t anc e s we r e as sim i la r as possible at each
app roach . Eac h of t he app ro a ch lanes t ha t was observed has
a t hr ough a nd /or right -turn lane to its r i ght and a l eft -turn
l ane t o i ts l eft .
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Table 13 Gradien ts on s e lect ed approac hes
i n t e rsect i ons ~ ~
nort h
-4 .'"
south +4 .0 %
no rth -3." %
s outh +3 . 0%1. east +1. 2%1. we st -1.2%
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Figure 8 plan-p ro fi le dra".oI'ing o f in tersection 7
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Figure 9 pl an - prof ile drawi ng of i nt er s ec tion 16
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In Chapter Two the problem statement wa s defined
fo llows:
The problem is to dete rmine the effect, i f any , of
approach gradient, weather conditions and queue posit ion
the discha rge headways of vehicles on approaches to s ignalized
i ntersections in t he City of St . Jah n ls.
Chapter Two also contained a br ief discussion o f the
design of an experimen t that will a llow the e ffects of the
th ree f a ct ors of i nt e r e s t on discha rge he edways t o be
de te rmined . Th i s discussion was very genera l in na t ure,
concluding t ha t a factorial expe rime nt would determine which
of t he factors o f app roach gradient , weather conditions or
queue pos ition significantly a ffected d ischarge headways of
vehicles on appro aches to s igna l ized inte rsect ions in t he City
o f St . .rc bn vs ,
This Chap te r co n tains a discussion of t he experimental
design in more de tail includ i ng discussion of the mathematical
mode l , t he se t ting up of the null hypotheses for the main
effects and i nte r actions , a discussion of how these hypo theses
will be r e j e c t e d or a ccepted , and a discuss ion o f t he various
follow-up procedu res that were used •
••
"~2 Ma thematical IlOdel
When c onduct ing an e xp erimental pr oc ed ur e , i t is oftPf\
he l p f ul to establis h a ma t hemat ica l model t o des c ri be t he
ph ys ical situation t ha t i s being studied .
A s u i t abl e mathemat ica l model for a t hr ee-f actor
fac to r i a l ex pe r imen t wher e n obs e rvations a re ma de on each of
th ree f actor s , A, B, C having a,b, and c l e ve ls re s pec t i vely ,
i s g iven by
i .. 1 • • •a , j .. 1 ••• b , k .. 1 • •• c , a nd 1 .. 1 • • •n
whe re A f B j C k " itvheQl; a1n e f fects of f a ct ors A, B,C respect -
lAB) 1j (AC)i l( IBClj k '" etlf~c~~o-fac tor i nterac tion
(ABC) ijk .. t he t hr ee -factor interaction effec t
Eijk.l .. r andom error .
Sev eral a s su mptions ar e mad e ab out t his ee a e a ,
The as su mpt i o n of a dd it i v i ty i s mad e . This says t hat
the va l ue o f the r e spon s e variable is eq ua l t o a qua ntity
de pe ndi ng on the en v i ronmen t a l conditions and t he ex pe r i mental
uni t plus a qua nti ty depending on t he trea t ment us ed.
Fur the r a s s umptions ab ou t t he dis t ribution of t he r an dom
e r r o r s are nec e ss ary . These a s sumptions are :
1. t he e r ro r s a r e normally dis t r i but ed with mean zero ,
2. t he error varianc e i s homogen e ous , a nd
"
3. succes sive random errors ar e unc or r ej.e t ed ,
I n o rde r to e nsu re tha t t h e analysis i s valid , the se
a s sumptions wil l have to be checked during t he an a lys i s stage
to make ce rtain tha t thi s mod e l do e s ap pl y t o the situation
being s t ud ied . H )
The mathe matical model expressed above is a fixed -
eff e c t s mode l . This t ype o f mode l applies whe n the factors
being s tud i ed ar e con sidered to be fix ed s i nce the exper -
i menter i s i nterested only in the fa ctors that have be e n
selected an d i n no others . 114
Of t he th ree facto rs unde r investiga tion i n this
experiment, the app r oach gradient and queue position f ac to rs
are clearly fixed factor s . A fi xed fact or implies that the
experimente r can exactly replicate t hat factor . However, t he
weath\:,.. conditions f ac to r , d epe nd i ng upon the approach t hat
i s taken , might b e c onsidered eithe r as a fixed f actor o r as
a random facto r .
If the s i t ua t i on is cons idered in the context tha t t he
weather co nd i tions t hat existed when dat a were recorded are
a r a ndom sample from the popu La 't Lcn of all pos s i b le weather
condit ions , t hen t he weather con dit ion factor can be
considered as a random facto r . In this case , the appropriate
mathemat ica l model fo r the e xpe r Lment; conducted here woul d be
a mixed mode l as some of t he f a c t ors a r e fixed and some a re
random .
Howeve r , be cause of t he way i n which the weather
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conditions factor was t r ea t ed in this experiment , it can be
co nside red as a fi xed factor.
TwO leve ls , fa i r and poor , have been assigned t o t he
weather fa ctor . An objective c r i te r ion has been selected as
the div iding point between t hese two levels . By treating t he
wea ther facto r i n t his manner , i t becomes a fixed factor in
that the fai r and poor l evels o f t he weather fac to r can be
r epl i c a t e d ove r the co urse of the expe rime nt .
Therefore, a l l three fac tors being investigated are f ixed
and the f ixe d- e ffects mathematica l mode l e xpressed above is
applicable to t he si tuat ion under i nv estiga tion.
4 e 3 Null hypotheses
A nu mbe r of hypotheses hav e t o be t ested t o de t e rmi ne if
the fac tors o f i nte r e s t, approach grad ient, weather co nd i t ions
a nd queue pos ition , have a statistically significant ef fect
on t he response va r iab l e , discharge headways.
Given the mathematical mode l expressed in the previous
section:
i • I •• •a, j .. I • •• b , k .. 1 •• •c , a nd I '" L, • •n
where A IB j C k .. it.:eel.;a i n effe c ts of facto rs A, B, C respect-
(AB) i j (AC)11( (BC)j k .. etlf~ctt~O-facto r i n t era c t ion
(ABC)ijk .. t h e t hree-factor in teraction effec t
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Ei j kl .. random error.
the various nu ll hy potheses tha t h ave t o be tes ted a re :
l. H" , Ai =
,
2 . H'2 , Bj '" ,
3 . H03 , Ck '"
,
4. H" (' .Bl i j .. ,
5. HOS (A x C) ik =
,
6 . H' 6 (B x C) jk = •
7. H' 7 (' x BxClijk'" 0.
The firs t nul l hypothesis, fo r in stance , says tha t the
firs t factor , approac h gradient , represented by the var iable
A, doe s not h a ve a ny effect on the r es pons e variab le. I n a
s imila r f as hion, the f ourth null hypothesis sa ys t hat t he
i nte raction o f the approach gradient and wea t he r condi t i on
f actor s does not have an y effec t on t he r es ponse va r iable .
The other nu l l hyp ot hes e s can be i n t e rpr e t ed 1n a sim ilar
manne r . The a lte r na tive hypo the s es, of cou rse , state tha t
the ve r ious main effects an d in te ract ions do a ffec t d ischa rg e
headways .
Th e nul l hypo theses are assumed to be true unti l the data
i ndicate s otherwise .115
A s e ries of F- tes ts a re us e d t o test t he valid ity of the
va rious hypotheses . The F-tests compare t he mean squa res of
t he mai n effects and the i nteract i ons with t he resid ua l mean
squar e. Tab l e 14 contains t he mean squa res fo r the va rious
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Table 14 Mean squares for t he va rious so urces of error
df mean squa re
Blocks r-1 s 2+abc p2/(r_11
A . - 1 s2+rbc A2/ (a-I )
s- r s2+ rac B2/ (b -11
c - 1 s2+ rab c 2/ (0- 1)
AB (. -11 (b-1) s2+rc (AB) 2/ (a_l ) (b-l )
AC (a-I ) (e - l ) s2+rb (AC) 2/ (. _1) (c-11
BC (b - 1) (c-1) s2+ra (BC) 2/ (b_1) (c-1)
ABC (a -I) (b - l) (e-l) s2+r (ABC) 2/ (a_l) (b-l ) (e -l)
Erro r (r -I) (abc-I ) .2
9 4
so urces of e rro r . If t h e calcu lat ed F-test statistic e xceeds
the tabulated F- test statistic at t he selected l eve l of
s ignificance t he n the n ull hypothe sis is rejected a t that
l evel o f s ignificance an d the a lternative hypothes is is
accepted.
The en ti re p rocedu re of perfo rmi ng the required F- tcst s
i s r e f e rr ed to as a n Ana lysis o f Variance procedure o r ANOVA .
4.4 Level of sign i fi cance
As mentioned in the preceding section . t he hypotheses
tha t have been postula ted are either accepted or rejec ted
based upon the results o f a series of e - t est.s • With any
F- test, a lev e l of significance has t o be established before
t he calculated va lue of t he F-test statistic can be compared
with t he tabulated va l ue of t he s tatistic .
The significance of a tes t , deno ted he re by a, r ep r e s e nt s
the risk t ha t the e xperimenter i s prepa red t o accept of s a yi ng
that the n ull h ypot he s i s is fa lse whe n in fact it i s
not . Gene ra lly , a is called the leve l of signif icancE' of the
r esult. I f a result is s ignif icant at t he 5% l evel it is
us ually t a k en a s "re a s on able ev idence" t hat t he null
hypothesis i s untrue. Therefore, if t he re su l t obtaine d is
significant and t h e null hypothesis i s r e j ected, t he r e will
be a 5% chance tha t the wrong decis ion ha s bee n made. 1l 6
However, i t is also possible to make a wron g de cision b y
accepting t he null hypo t.hesis when i n fact it is fa l se. The
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prObability of thi s type of erro r is usually de noted by B.
The qua ntity 8 is rela ted t o t he sensitivity of a t est . As
stated, t he analysis of variance t e c hn i que t ha t is used in
factorial experimental designs , ge ne rally t o t est t he
hypothesis of equali t y of treatmen t me a na , is based on t he
co mparison of the mean squares (va r i a t i on ) of t he va r io us
tre a t ments o r f actors with t he r e s i du a l mean sq uare by means
of an F- t est .
I f t he residua l mean square o r e xpe r i me nta l e r ro r
var i a nc e is too l a r ge the procedu r e i s i ns ens i t i ve t o
diff e r enc es a mong t he t r en t men t.a of inte r e st . The sensitivity
of a t es t de scribe s the abili t y of t he p r ocedu re to de t ec t
dif fe r e nce s in the t r eatments o r f ac t ors a nd is me asu red by
the powe r of t he t es t whi..:h i s me r e l y I - B, where B i s the
po ssibility of accepting t he null hypothesis when it i s
f a l s e . When the powe r of a test i s l ow, the scope of the
i nferen ce s tha t can be d rawn frolll t he experime ntal data is
s eve r e l y limited.1l7
In t h i s experiment B ha s be en selected a s 1 0\ , me ani ng
t ha t the re i s a In c han c e o f making a wrong decis i on shou l d
a re s ult be obta in ed that i s no t s ig ni fi c a n t . The power of
the t e s t t he n i s 99\ whi ch should be a deq uate t o ens ur e t he
nec e s sary sens it i v i ty of the t est t o change s in the factor
e ffe c t s .
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4 . 5 Follow-up procedures
The ANOVA procedure discussed above will i ndicate which
of the main effects and/or interactions are statistically
significant. However, the results produced by t he analysis
of variance stil l re quire interpretation .
If the ana lysis of variance indicates that there i s no
significant interaction , the main effects can be examined more
closely . Quali tative factors t hat p roduce significant main
effects can be examined to find the l evel or levels which give
t he largest values of the response variable. with
qua ntitative facto rs t ha t produce significant main effects ,
t he problem is to determine the f unc t i on al relationship
be t ween the response va riable and the f ac t o r . This is
achieved t h r ough regress ion procedu res.
If t he ana lys is o f variance i nd i c a t e s t ha t there is a
significant interaction between two or more of the facto rs
being investigated , the main effects cease to have much
meani ng by themselves since the effect of one factor depends
on t he level of the other factor . Qualitat ive factors sho uld
be e xamined at each level of t he facto r. If one of the
in te racting f acto r s is quant itative, or co nti nuous, and the
other qualitative, t he funct ional re lationship between the
response variable and t he ccnt I nuoua va r iable will ha ve to be
i nve st i gate d at each l eve l o f t he quali tat iv e variable. If
both i nt erac t i ng fac tors a r e continuo us variables , the n the
prob lem be comes one of mult ip le r egr e s s i on wi t h two co nt rolled
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variables .118
Depending upo n the results produced by the a na lysis of
variance technique for this expe riment , one of the above noted




5 .1 I n t r oduct i on
This Chapte r conta in s discuss ion on t he da ta collect i on
p r oce s s i nclud i ng d i scussion on t he selection of t he re f ere nce
line l oca tion, the data collect i on p r oc ed ur e i nc l udi ng th e
de l etion from th e lis t of s t udy appr oaches o f appr oache s 5
Nor t h and 5 South , and t he gene r a tion of the final headway
databa s e i nc l ud ing t he pr ocedu r e fo r adjust ing hea vy veh i c l e
he a dwa ys using the concep t of pa s s enge r ca r equiva l e nc i es .
5 .2 Location of refe rence line
The l ocation in the f I e l d o f the po in t at which e laps ed
t i me r ea di ng s a re reco r de d , ge ne ra l ly r efe rred t o a s t he
referenc e line , has been shown t o have an e f fee t on t he
star ting de lay values that a r e ge ne ra ted fo r a n app r oac h a nd ,
t o a l e s s e r e xt ent, on ve hicul a r head ways on t ha t ap proach . As
no ted by Berry , "t.h e choice of a sc reen-line definition af f ects
he aClways f or bo t h queue posit i on I (starti ng de lay) and q ueue
position 2 ,_11 9
Obv iously, t he f ar th er t he refe r e nce l in e i s l ocated from
t he poin t a t which ve hicles s t op f o r a red i nClic a t io n , th e
gr e at e r wIll be t he t i me that e laps es betwe e n the s tar t o f th e
green phase a nd t he pas sing of t he r e f e r enc e line by th e first
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vehicle. This time t ha t elapses prior t o t he first vehicle
crossing the reference line is referred to as t he starting
de lay .
starting delay on an approach to a signalized inter-
section is one of the components that has to be considered
when attempting to determine approach capacity, the other
important component being headways . As noted by Carstens ,
"rneecaecercn capacity is a function of the spacing of
vehicles as they cross the stop line . The amount of starting
de lay inherent in starting movement of a queue of stopped
vehicles also affects capacity .-120
The relationship between starting delay and head ways and
the location of the reference line has been studied by Berry
and Ghandi and by King and Wilk inson. The rela tionships
reported by Berry in his discussion of the research of King
and Wilkinson are shown in Figure 11. The definitions of the
various reference line l ocat i ons are i nd i cate d in Figure 12 .
Figure 11 c learly shows , as expected, that starting delay
does increase with increasing distance from t he s topped
position to the reference line. Figure 11 also shows that
afte r vehicle position 3 headways are approximately the same
regard less of t he l oc a t i on of the refe rence line .
King and Wil kinson support Berry 's conclusions . Their
data base represented a mix of refe rence line l oc a t i ons Ib
and IIa, as defined in Figure 12 . The results t hey achieved
by superimposing their data on Berry 'S are plotted in Figure
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Fiejure 1 2 Definition of ee eeeence l i ne locations
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13 .
The l ocat ion o f the r efe r en ce line i s, t o s ome d eg r e e ,
a functi on o f the p ara meter t hat i s being inves tiga ted . If
the reaction time of dr i ve r s i n r es ponding t o the ch an ge of
t he signa l indication to green is the qua nt ity of i n t erest ,
then the reference line s ho uld be p l aced at pos ition l a . As
n o t e d by Berry , i n t hi s instance, "the elapsed time fr om the
beg i nning of the gr een interval would include reac tion t.Lme,
bu t no acceleration tirne. ,,121
However . if capacity an a l ysis i s the des i r ed obj ective,
Berry r ecomme nds , "making que ue di sch arge measu reme nt s at th e
e n t r y to t he interse ction , correspondin g to screen- l i ne
defini tion IV [in F i gure 1 2] . "
The objective of th i s ex periment i s to determine t he
effects , if any, o f approach gr adi ent , weather c ondit i ons a nd
queue p osition on discharge beadways • As defined i n this
experiment , the headway of the queue l ea der i s a quanti ty
unaffected by starting delay. It i s the difference between
the e lapsed time from start o f green to the crossing of t he
reference line by the que ue leader a nd the elapsed time f r om
start of g reen to t he crossing of the r ef e r e nc e line by the
following ve h i c l e. As such , the s t a r t i ng delay is no t of
di rect interest , but is me r e l y used i n the calculation of t he
queue leader I s headw ay .
Therefore , provided that i t is located near enoug h t o























Pigure 13 Pl ot of King' s data s uperimpos ed on Be rry's data
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of ac celerating when they c ros s it and that i t i s located on
the section o f a pproach having a gr ad i e nt c lassif ied as
s u i t ab l e in t erms of Figure 4, the l ocation of t h e reference
line i s of no r ee L s i gn i f ica nc e re l ative t o this experiment.
There are, however , two practical co ns i de ra t ions
r e ga r d i ng the reference line location that mus t be c on-
side red. Firstly, it must be l oc a t ed s o t hat t he observer
has a clear v iew of vehicles c rossing it, and , s ec ond l y, the
dista nce to the re f erence l ine from t he po int o f d epa r ture
must be t he s ame on all ap proaches to ensure that vehicles
have t he same distance o ver which t o accele r at e p rio r t o t he i r
e lapsed times be ing recorded .
The location of the re ference lines for the seven
sel ec t e d approaches a r e shown in Figu re s 14 through 20.
5 .3 Da ta collect i on p ro cedure
Data was col lected on t he seven inte r section ap p roach es
noted i n Table 15 during Spring , 1986 . The data co llection
process bega n in April and cont I nued until June. Dat a was
co llected on weekdays dur ing pe ak hour co nditions i n f ai r and
poor weather conditions . The field data that was collected
co nsisted of e lapsed time r eadings recorded by an observer
p ositioned on t he various selected i nt e r s ec t i on approaches.
The observer was eq uipped with an a udio tape recorder and a









Figur e 14 Location of reference line for approach 5 no rth
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Figure 15 Location of reference line for approach 5 s out h
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Pigure 18 Locati on o f ref e renc e line for app ro ac h 16 east
"'
pigu re 19 Locat i on of refe ren c e line fo r a pcoach 16 wes t
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Pigure 28 Loca t ion of r ef erenc e l i ne fo r approach 71 west
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Table 15 Grad ients on th e s e l ec t ed app ro aches
i ntersect ions =-:Ii !!.t.O<lJ..ont
north
-4.'"
s out h +4 . 0 \
nor t h - 3 . 0 \
so ut h +3.0\
"
eas t +7.2\
1. wes t - 7. 2\
71 ve s t +9 . 6\
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When th e traffic signa l cont ro l ling the inters ec tion
a pproach under obs erva t ion c han ged to gr een the obse r ve r
started the s t op watch. When t he f r on t of t he f irs t ve hicle
i n t he queue c r os s ed t he refe rence l i ne , t he ela ps ed t ime f rom
t he s ta r t of the g re en phac e wa s r eco r de d a Udi bly by tbe
obse rve r . Simi larly , whe n t he f ro n t of t he second ve hicle
passed the refe r e nc e l i ne , t he e lapsed time f r om t he sta rt of
gr ee n was r ecorded , a nd so on , until th e g reen phase for the
ob served approach ended o r the vehicles t ha t ha d been
initially qu eued had all pa s se d t he re fe rence line . The
a udible e lapsed time da t a that was r e cor ded in t his manne r was
tra ns cribed da ily on to da ta co llect ion s hee t s, an e xample of
whi c h i s s hown a s Figure 21.
Thi s da ta collect i on pr oce s s continue d un til s ix ty
obse rvations on e ach que ue pos ition had been r eco rded. I n
o r de r t o r ecor d at l e ast sixty obs e rva tions on ve hic le
po s i tion 12 a t app ro ach es 16 eas t a nd 16 wes t approx imately
t wo hund r ed and f ifty cycles had t o be observe d at each of
t he se lected app r oaches.
5 .4 Deletion of intersection approaches 5 north and 5 s out h
Ver y e a rly i n t he da ta co llection proc ess , it became
app aren t that t he r e were no t s uff i c ient ve h i cle s que uing on
the no r t h and south app roac hes to i n tersect io n 5 t o a llow fo r
a s t eady r a t e of sat uration flow t o be attained at that
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Figure 21 Exalllple o f da ta co llection sh eet
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vehicles queued at this inte r s e ction awaiting t he star t of
the green phase during peak period is included in Tab le 16 .
I t ca n be seen from Tabl e 16 that the highest number of
veh icles tha.t que ued at this approach on 198 6-1'4 -28 was eight
during th e twentieth recorded cycle on t he no r t h approach.
The average number of queued vehic les was fo ur . Th i s d i d not
represent enough ve hicles t o a llow steady s tate flow
conditions t o deve lop .
Ini ti ally, t hes e low counts on the north and south
approaches to i nt ers ect i on 5 repres ented a puzzling phenom-
e non , part icula r ly i n light of t he f act t hat this i nte rs ec t i on
wa s l oc a t ed on t he high vo lume commute r facil i ty described in
Section 3.4 .
A c heck of the tra f fic coun t inventory mainta ined by the
City of St . Jo hn's Engineering Departmen t, Traffic Division,
produced an e xplanat ion for the low vo lumes us i ng the
approach l anes of interest at t his particula r i nte r s ec tion;
approac hes 5 no r t h a nd so uth . The most recent traffic coun t
i n f o rmation for this intersection is shown in graphica l form
i n Figure 22 .
As c an be r eadil y seen from Fi gur e 22 , the majority of
the t r a f fi c passing t hr ough in tersection 5 , which is a
t ee-int e r s ect i on, enters t he i ntersec t ion from app roach 5
west , t he perpend icula r l eg of t he "t ee", This pa rticular
approach draws tra f fi c from three main sources:
1. traff ic gene rated by a l arge r e s i dential development
11 6
Table 16 Number of vehicle s queu e d on approaches S Nort h and
5 Sout h during peak hc u r






















Figu re 22 Graphica l rep re s e nt at i on of traffic vo l umes i n peak
period at intersection 5
11 8
known a s Cowan Heights ;
2. t raffi c gene ra ted by a ma j o r regional lIlall l ocated
i n t he area ; and
3 . traffic us i ng t he s t reet up on which ap proach 5 west
is l ocated as a by--pass r out e to avoid a more heavily
c onges t e d parallel a r ter ia l s tree t .
Fi gu re 23 shows the street ne t work in the i mmedia t e area
of intersec tion 5 and i ndicates the pos ition of t hese t h r ee
ge nerators .
The effect o f t his traffic fl ow patte rn on t he expe riment
was that there wa s no t s uf fic i e nt t r a f fi c us in g app r oa ches 5
north and 5 so uth t o ena ble them t o be inc l uded in t he da ta
co llect ion process . Acco r dingl y , t hey we re de let e d from the
appr oaches upon which da ta was t o be co llected , l e av i ng t he
f i ve intersection ap proaches shown in Table 17 t o be util ized
fo r da ta collection .
The de letion of approac hes 5 north and 5 south f ra Il the
pool o f s uitabl e inte rsection approach es was unfor t.una te.
However , be caus e these ap p roaches r ep r e s e nted intermediate
appro ach grades , +4 . 01 and - 4 . 0\ , the ac t ua l range of
gradien ts t hat were obse r ved r emained unchanged at +7 . 2\ t o
- 7 . 2 ' .
Aft er the r emoval o f a pp roac he s 5 no r th a nd 5 so ut h from
the e xperimenta l p r ocess , da ta c ollection proceed e d withou t
incident . The elaps ed t i me da ta that wa s re c or ded a t the
r ema in i ng five approaches
11.
the co urse of the data
Table 17 Inte rsection app roaches remaining for dat a co l l ec t i on
afte r de letion of appr oaches 5 North a nd 5 So uth
inte ['§e ction B ilI!llIQOl;h ~
nort h -3 .ln
south +3."%
1 6 ea s t +7 .2%
16 wes t -7 .2%
71 wes t +0.6%
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pig:ure 23 St r e et ne t work in the i mmedi a te vic i nity of
i n t e r s e c t i on 5
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collection p rocess i s conta ined in Appendix B, P.ecorded
e l apsed time data.
5.5 Gene rat i on of headwa ys
The data t ha t is contained in Appe ndix B is t he ra w
elapsed t i me da ta t hat was co l lec ted a t the va r roue selected
i nt ers ection app roaches. Th is e l apsed t i me da t a had to be
transfo rmed in t o veh i c ular heedwaye ,
He adway ha s p rev iously been defined as t he time-s pa c e
be tween vehic les . It i s the t i me t hat e lapses be tween t he
front of one veh icle pass ing t he refe re nce line a nd the front
of t he s ucceeding veh i c le passing that po int .
To make t he trans f o r mation from ela psed t i me da ta t o
head way data a computer su broutine was writte n within a
commercially a va ilable sp readsheet sof t ware package . Th is
s ubrout I ne wa s des ig ned to perform t he necessary calculat io ns
on th e r ecor ded elapsed t i mes a nd qene eaee the requ ired
headways.
The headway f o r t he fi rs t veh i c le in a queue was computed
by SUbtracting the elapsed t ime reading for tha t vehicle f r om
t he e lapsed time r eadi ng fo r the second ve h i c l e . The headw ay
f or the s ec on d ve hic le in the q ue ue wa s t hen de termined by
SUbt r a c t i ng its e lapsed t i me read ing from t hat o f t he thi rd
ve hicle , and so on t hrough the entire da ta fie ld of 18, 296
elapsed t i me s.
For each cyc le that was recorded t he number of heedwaye
1 22
t hat has be en g e nera t e d is on e les s t h an t he number of
vehicles t hat ha d the ir ela ps ed t ilDes reco rded . Th i s
situa t ion arises bec a us e , by de f i ni t ion , t he last veh i c l e in
a ny qu eue ha s no h eadway a s t here is n o f o llowi ng vehicle .
5 .5.1 Ad j us t ment o f beavy vehic le he a dway s
During t he data c o l lec tion proc e s s i t " as obs e rv e d j a s
ex pec t ed, that he avy v eh icl e s in t h e t r affi c s t rea m o f t en
fa iled to keep up wi t h t he veh icles p rec ed in g them. Th i s
cau sed the prec e d in g ve h ic l es I head ways to be l a r ge r tha n
would no r mal ly be the case if pa s senge r ca r u wer e being
f ollowed by o t he r pas s e nge r cars . The co ncep t of passenge r
ca r e quiva lencies was used t o a d j ust the he a d wa ys o f the
v eh i c l e s t hat p recede d heavy ve h i c l e s t o f a c t or o ut t he effect
o f t he p rese nc e o f t hese heavy veh icles .
5 . 5 . 2 Equivale nt pas s enge r car units
Passeng e r c a r un i t equiva l e nt s a re emplo ye d in t r a f fic
flow a na l ysis t o co mpensa t e fo r the e recee of s lower vehicles
i n t he traff i c e e r eea ,
When a l a r ge veh i c le moves wi th a s t r eam o f tra f f i c it
o f t en fa ils to k ee p up with t he ve hic l e i n f r o n t of it , a nd
s o the he a dwa y , Hc' of t he veh i c l e tha t p re ced e s t he s lower
mov i ng veh ic l e i s gre a te r tha n t he a verage head way , Havg' f or
v eh i cle s i n that p ositio n i n t h e queue .
1 23
The phe nomenon is usually l ocali zed. Generally , the
headways of othe r cars in t he st re am a r e not af fe cted.
The Canadi an Capa c ity Guide fo r Signalized In t er sec tions
notes t ha t, RFor ana lytical purposes it is conven ien t t o
represent flow r ates (whic h are comprised of a variety of
vehicle t ypes) as Q homogeneous en tity. This i s ach ieved by
conve rting va l i ous vehicle t ypes to a common uni t t e r med a
'p as senger car unit I (pcu) ... 122
Greenshields, Shap i ro and Er i ckson sta te tha t , "t be
concept o f a traffic unit (equiv alen t passenger car unit ]
i mplies t hat the qua nt i tat iv e va lu es of va r ious ve hi cul ar
cha r:acteris t ics an d movements may be meas ur ed and re lated t o
one anoth e r ... 123 Sal ter agr ees with t he us e of equi valent
passenger car un its, s tating tha t , "The e ffec t of traffi c
factors on t he ca pacity of an app roach i s allowed fo r by the
use of passenger ca r uni t s, which r epr es ent t he effect of
va rying- vehicl e types r el ative to t he pas s en ger car •• 124
The use of eq ui va lent pass enge r car unit s a lso s implifi es
ana lysis of t ra f f i c floW I:I , " • •• by applying-~ t o
va ri ous componen ts of a traffic s t ream , ra t he r than by
th i nk i ng of i t as compose d of various vehi cle s of differ ent
types . ,,125
However , there i s disag reement among t raf fic eng i nee rs
reg a rding t he va lues assigned a s pa ssenger ca r unit equiv -
alenc ies t o various types of slower moving ve hlc:,es . This
disagreeme nt is not un expect ed as it i s r e asona bl e t o ass ume
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that t he be hav i our of t hese s l ower vehic les woul d d if fe r under
va rying ci rcums tances , resu l t i ng i n co rrespond ing d iffe rent
passenge r car unit equivalencies be i ng assigned t o vehic les
of simila r type . A sampling of t he lack o f con sensus is
i nd i cated i n Table 18 .
For the purpos e o f th i s expe r r ee ne , values of pa ssenge r
ca r equi valent s have be en d ete rmi ned e xpe rime nta l ly , using
methodo logy deve lope d by t he Br itis h Transpor t an d Road
Re s e a rch Laboratory.126 The Tra nspor t a nd Road Res e a rc h
Labo ratory me t ho d of c alc ula ting passenge r ca r equivalen t s o f
t r uc ks uses the fo rmul a :
zcu .. Hc - Havg + Ht
l:Iavg
Equa t ion 2
where Hc i s the headway of t he v eh i c l e preced ing t he
slower mov ing veh i c l e
Bavg i s t he a ve rag e hea dway for veh ic le s i n t he
posi t ion i n t he qu eue of the preceding car
Ht i s t he headw ay of the s l owe r veh icle .
The Tr ans por t a nd Roa d Research Labor atory me thod oC
ca lc1l lat i ng equival e nt passenge r C 'H un its was selected f or
use beca use it c onside rs the hea d wa y of the s lower ve hic le a s
well as the headway of the ca r pre c eding it .
Figure 24 i ndi cates graphically what each t erm in
Equation 2 r ep r e s ent s.
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I .T.E . 1.7 5 1.75 1.7 5 2.25
Di ck , A.C. 1 . 7 13
Evans , L . and 1. 04 1.83
Rothery ,R .W.
Tepl y , S. 1. 39 1. 8 9 2. 60 1 .49
Arc her , R.J . G. , 1,7 5 1,7 5 1, 75 2.25
Hall , R . I . and
Eilan,S .
Ontario H.T . C. 1.50 L Si! 1.5 0 1. 59
Carstens ,R . 1. 63
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The sum of Ht and He represen ts the time-space between
vehicles 1 and 3. This quantity is the total time that
e lapses between vehicle I crossing the point of observation
and vehicle 3 crossing the point of observation . Ordinarily,
if vehicle 2 were a passenger car , this qua n tity woul d equal ,
or closely approximate twice the average headway.
The term in t he numerator of Equat ion 2 represents this
time-spac i ng minus the ave rage headway fo r one vehicle for
ve hicles i n that pos ition in the queue . The balance of the
t i me-s pa c e remaining between vehicles I and 3 represents the
average time-spacing for one vehicle for vehicles in that
position plus any additiona l time-space r e s u l ti ng from the
p resence of the slower veh icle. DiViding thi s quantity by
the denominator , the ave rage headway, results in the
eq uiva lent passenge r car un its for the s lower ve h i cl e . The
value of the equivalent passenger car un it t hat i s assigned
t o a slower moving vehicle is actua l ly t he number of ave r aqe
headveye , f or ve hicles i n that queue position, represented by
that s lower vehicle .
Because t he Transpor t and Road Resea rch Labo r a tcr y Method
of calCUlating passenger car equ iv alenc ies considers the
headways of both t he preceding ca r (Hc) and t he truc k, or
s lower vehicle , (Bt ) , i t ha s severa l interesting elements
i n c l ude d in it.
1 27
Fi gure 24 Graphica l repr esentat i on of t e rms in Equation 2
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For example , i f t he truck being co ns i de r ed a chieve s a n
accep t a ble rat e o f accel e r at i o n , t he headwa y o f t h e p r eceding
c ar , Bc ' llIay app ro xima t e t he avera ge head way for vehicles in
t hat pos it i on in t he qu e ue a nd t hen Equa tion 2 reduce s t o:
pea = Ht/Havg Equation 3
The n , if the car fo llowi ng t he truck tra ils by t he average
hea dway, Bt will eq ual Havg and t he pa s s eng e r ca r eq ui valent
f or t he truc k in que stion will be unity . This means that a
truck that i s ab l e t o ma i nt a i n ave r e qe s pac i ng i s t re ated as
a passenge r car i n t h e a nalys is . Another i nt rigu i ng aspec t
of t he Transpor t a nd Road Resea rch Labor a t or y method occurs
if t he hea dwa y of t he car pr eceding t he t r u ck is close to Havg
(L e . again, if the t r uc k has sufficient powe r t o maintain its
pos i tion relative to the preceding c a r) a nd , if the hea dway
of the truck is l e s s than the averag e headway (a ph enome non
t hat woul d oc cur i f t he fallowi ng ca r had l e s s t han an ave rage
tille -spac i ng be t ween it and t he truck) . then t he pa s se nger ca r
e quivalent o f the truck wou l d t he o r e t ically be less t ha n
unity . Howev er , t he us ual occurrence i s t ha t , as a r esult
of t he poo r accelerating a bility o f ma ny larger veh i c l es , t he
headway of the car prece d i ng the truck , He' i s some what large r
than t he av e ra ge headwa y f or vehic les in t hat position in the
queue . The s e large r t han no rma l he a d....ay s resulti ng from t he
presen c e o f s l ow movin g ve h i cles wer e f ac t o ted using t he
procedu re desc r ibed in t he foll owi ng se c t i on .
12'
565 .3 Adju stment procedure
During t he co l lection cof t he e lapsed t ime data , t he
location of heavy vehicles in t h e t ra f fic s t ream was not ed by
the observer . Heav y veh icles were cons idered t o be thos e
veh icles having mor e th an tw o rea r whee ls . Th is de finitio n
covered a wide ra nge of vehicles, inc l uding dua l r ear wheel
t r ucks , t and em ax le truck s , buses and t r ac t or-trailer
combina tions . Nevertheless , t he percentages of heavy vehic l es
i n t he traff i c s tream at the i ntersec tion approaches where
da ta wa s co llec ted wa s l ow, r an ging f rom a l ow of iI.S % a t
app r oa ch 7 nor th to a hi gh o f 1. 3% a t appr oach 16 we s t .
Anot he r compute r s ub rou tine wa s wri t ten tha t worked
th r ough t he newly ge ner a t ed headway da tabase , adj us ting the
he ad ways of t he veh i cles tha t had p re ce ded those fla gged as
heavy ve hic l es. This s ub ro utine computed t he passenge r ca r
equiva lency of a heavy vehicle using t he methodology dfacuaaed
i n t he p rev ious section a nd then fac tored t he preceding
vehicle he adway. An example of this proced ure i s co nta i ned
in Appendix C, Adj ustment of heavy veh i cle headways .
The fina l head way da ta th at resulted from t he man i pu l-
a t ion an d adjustmen t of the r ecorded e lapsed time da tabase,
a s noted abo ve , is i ncluded in Appen dix D, Headway da t a.
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CHAPTBR S IX
6." ANALYSIS OF BEADWAY DATA
6.1 Introduction
As has been previously noted, the objective of t his
e xpe rime nt is to an a l yze the e ffec ts t hat th e factor s o f
weathe r conditions , veh i c l e queue pos ition and approach
g radien t ma y have on discha rge headways a t s ig nali zed
inter sect i ons.
This ana lysis was per fo rmed t hro ugh e xamin at i on of the
headway data t ha t ha s been co llected . The data i s exami ned
graphically and numerica lly i n t he s e c tions t hat follow. As
well , the r e s ult s o f a fa ctorial exp eriment t ha t was c ondu c t ed
on t he da t a are discussed and the as su mpti on s tha t were made
a bout t he ma t hemat i c a l mode l are checked t o ensure t he
validi t y of t ha t mode l.
The final hea dway data t ha t was employed i n t he analysi s
procedures is contained 1n Appendix E, Dat a f o r ana l ys is . The
da t a in t hi s Appendix is o rganized by study approach. For
each of t he five s t udy app roaches headwa:! data is provided f o r
each of th e t wel ve queue positions under each of t he t wo
we ather co ndi tions. As there a r e s i x ty observa t io ns at e ac h
q ue ue position, th e r e is a total of 7200 he a dways c ont ained
i n the fina l data s et.
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6 . 2 Desc riptive statist ics
As the t erm impl ies , descriptive statist ic s general ly
r e f e r t o s tatist i cs that describe s ome c ha r ac t e ris tic of t he
samp le tha t ha s be en drawn by the expe rimenter from the
popu l ation he is s t udy i ng . Descript ive s tat istics a re usu ally
di v ided i nto two broad ca tegories : graphica l an d numerica l
methods of pres enting t he data .
6.2.1 Graphical presentat ion of the data
Among t he more common methods of gr a ph i c a l l y p r es en ting
da ta are ba r cha rts , h i s t ogr ams and frequen cy distributions .
Possiule frequency distributions of headwa y da ta have
been studied by s evera l r e s e a rc he r s i ncludi ng Buck ley who
no tes i n hi s pape r , -Roa d Tr affic He adway Dis t r i but ions " , t hat
t he most noticeabl e c haracteristic o f ve h icula r he a dway s i s
t he ir obvious variability . Because of t h i s, he continue s ,
a t tempts to understand he adways hav e of t e n been a ttempts to
de termine t he pr obability dis t r i but ion whic h would accoun t for
obse rved f requen cy d i s t ri butions . l Z7
I n hi s pape r Buckley dis cu s s e s the good ness of' fit o f
seve ra l dis tribu t ions t o observed fr equ e ncies, includin g the
negative e xponent ia l d i stribut i on , the displ aced negative
e xpo ne ntial dis t ribut ion , the Er l a ng distri bution , the ga mma
dis t ribut ion , the gene r alized Pearson t yp e III d i stributi on
a nd the s emi - r andom dis t r i bution . He co nc l udes , as a res ult
of Ch i-Squa red Goodnes s -of-Fi t t es t s t hat,- the ge ne r a lized
13 2
Pearson t ype I II dis tr i but ion and a sem i - ra ndom d i s tribu t i on
are shown t o affo rd acceptable f its ,· with t he best fit being
obtaine d wi th the semi - random model. 128
It llIus t be no ted that Buckle y' s observed he ad way data
was r e c o rde d unde r fre eway cond i tions an d, t herefore , can not
be direc tly compa red t o t he data r ec o r d ed in t he co u rse of t he
experiment being discussed here whic h WAS col l ecte d a t
signa l i zed i n t e rs e c tion s .
Howeve r , in a discus s i on of Buc kley 's work , Le ong notes
that," it i s mo s t likel y t h at th is d i s tribut ion [t he
s emi- random distribution ) would a lso fit. the "mo dif i ed"
hea dway dis t r i but ion obs e r ved at s igna lized tnteceece Icns
unde r sa tu ra t ion f l ow co nditions . From t he writer' s (Le on g ' s !
obse rv a tions i t appears t ha t t h e modif ication r equire d is t he
ex c lusion o f hea dways o f t he f i rst f our vehicles a fter the
s t a rt o f a green signal t og e t he r wi th those headways
influe nced by t he presence of c omme r c i al veh icles and
r igh t - t u rning vehic les • • 129
Leong ' s decision t o exclude t he he advaye of t h e first
f our vehic l es a f te r the s ta rt o f t he g ree n phase i s a r e s ul t
of the starting delay phenomen on discus s ed p rev ious ly .
F i g ur e 25 con tains the dist ribution of he ad ways o bs erved
by Le ong i n wh i ch the ef fects of s ta r ting de lay a nd t urn i ng
ve hi c les ha ve be en de leted . Th is distribution c losely matches
t he s e mi - r a ndom d i stribution co n ta ined i n Buc k l ey 's pape r . 130





Figure 25 Distribution of beadways observed by Leong a t
s igna l i zed intersections (headway s of first fou r vehicles
deleted)
134
during the data collection phase of this experiment is shown
i n Figure 26 . There is ob v i ously a marked like ne s s between
t he shapes of these t wo dis tributions . The freque ncy
distr ibution of observed headwa ys r e c o r ded as par t of this
expe r Iment; wi th t he headways of the initial four veh i cles
r emove d, as suggested by Leon g, is shown in Fig ure 27 , and
t he frequency dis tributions o f headways recorded i n fair and
poor weather conditions are shown i n Figures 28 a nd 29
respec tively . I n all cases the shape of the distr i bu tion is
similar to t he semi-random distribut ion proposed by Buckley
indicating t ha t the distribution of t he headway data obs erved
i n t hi s experiment is in agreement with the distribution of
headway data observed by o the rs .
I t i s worthwhil e noting t hat a c ursory examination of
the d istr ibut ion of headway da ta unde r fair and poor we athe r
cond i tions indicates that t he r e were more headways of less
t ha n 1. 50 seconds recor d e d in t he fair weather category t han
the re we r e r e co r de d under poo r weather condit ions . And that ,
conversely , t here we r e more headways of g reater than 1.50
seconds reco rded und e r poo r wea the r co nditions than under fa ir
weathe r co nditions . Alt hou gh this observation seems to
s uppo r t t he h ypot he s i s tha t ve hicle headways are a ffe c t ed by
t he weather , with l onger he adwa ys more eviden t under poor
conditions , there i s a t this po int i n the analys is , no
s tatistical evidence t o suppor t t hat hypot hesis.

























Pi gure 26 Dis t.ribution of obse rved headways - all queue
pos i tions
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Fig ure 29 Di st r ibution of obser ....ed he adways - poo r wea t he r
co nd itions
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headways do not appear t o be Normally distributed. Th is
pheno menon will be d iscussed in d e tail i n a l ate r section.
6.2.2 Numerical presentation of the data
Nume rical descripti ve statistics can be d iv ided into two
types; f i rstly, quant i ties whic h are typical of t h e da ta , a nd ,
second ly, quen t Lt r e s which measure t h e va ri ab ility o f t he
da ta . The fo r mer a re usually called measures of l oc at i on and
t he l atte r are us ually called meas ures o f sp read. 13l
6.2.2 .1 't ee s u r ee of location
Two of the mo re common ly us ed meas ures o f l oc ation are
t he mean an d t he med ian . Th e mean o f a samp le is often
referred to a s t he average of t h e observations tha t make up
t hat sample . t.n dLe the mean is ge ne rally accep ted as t he most
impor t ant measu re o f l ocation the median is a lso useful,
pa r ticula r ly if t he fr eque ncy dis t r ibu t ion i s skewed as it has
been s h own the obse rved h e adwa y distribu t ion is . The med ian
is the value of t he o bs e r va t i on t ha t is l oc a t e d i n the middle
of the r a nge t hat i s f orme d when a ll obse r va t ions a re a r ranged
i n ascend ing o rde r o f magnitude . Thus ha lf of the
observat ions are numerica l ly gr eate r t han t he median and half
are smalle r . 132
The va lues of t h e mea n and t h e median unde r fai r a nd po or
weathe r co ndit ions f or each of t he five approaches on which
data was collec t e d a re s hown i n Ta ble s 19 t h rough 23 .
14 '
Tab le 19 Summary of desc riptive statistics for headwa ys
reco rded at Appro ach 16 Eas t
queue median
BQ>.W.Qll fl!i.< = UU =
2. 03 2 .118 1.9 5 2.02
1 . 83 1 . 95 1.711 1. 7 8
1. 83 1.9 3 1.77 1.93
1.87 2 . 11B 1. 84 2 .03
1.64 1.87 1.55 1 . 8 11
1. 69 1. 97 1.51 1 . 9 0
1.68 1.78 1.56 1 . 67
1.7 3 1. 87 1.7e 1.80
1.7 5 1 .96 1. 57 1. 92
10 1.82 1. 811 1.6 8 1.66
11 1 .7 9 2 . 05 1. 71 2. 00
12 1.70 1. 97 1 .57 1.89
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Ta ble 21 Summa ry of desc riptive stat istics f o r headways
r e corded a t Approac h 7 South
queu e median
Il2lli.ti2n ~ 20.2.< f.tl.< =
1. 87 1. 88 1.69 1. 73
1. 94 1. 97 1.81 1. 86
1. 83 1.7 9 1.78 1.6 6
1. 70 1.7 B 1. 59 1. 57
1 . 98 1.7 3 1. 83 1.61
1.77 1.91 1.68 1. 69
1 . 89 1. 7 5 1. 62 1.6 3
1 . 88 1. 76 1.86 1. 58
1.79 1. 7 8 1. 73 1. 70
10 1 .7 0 1.B0 1.68 1.67
11 1. 69 1. B2 1.64 1.64
12 1 . 7 2 1.74 1.57 1.71
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Ta ble 21 SUlMIuy o f de s c rip t i ve s t a t is t i c s f or hea dways
r ec o r ded a t Approach 71 West
queue med i a n
Il2.O.l..tlM tAll 2.2ll tAll 2.2ll
2. 06 2 . 07 1.94 1.96
2 .In 2 . 1 3 1.92 1.97
2 .03 1.95 1.90 1. B7
1.83 1.86 1 . 68 1. B3
1.94 1.75 1.79 1.68
1 .81 1.85 1. 68 1.76
1 .92 1. 87 1. 86 1.73
1.99 1. 92 1. 87 1.7-4
1.87 2 .9 7 1. 7 5 1.98
1. 1 . 85 1. 99 1. 81 1.85
11 2 .96 2.13 1.86 l.88
1 2 1. B6 2 . ll 1. 81 2. 92
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Tab le 22 Summary of desc riptive statistics for head ways
r ecorded at Approach 7 North
qu eue medi an
Il2liitllm foil = w... =
2 .06 1. 87 1.96 1.7 4
2 .96 1.86 1.96 1. 77
1.85 1.85 1.67 1. 79
1.95 1. 92 1 .89 1. 80
1. 93 1.7 9 1.85 1. 7 1
1.82 1. 86 1.79 1.80
1. 76 1.7 8 1.80 1.61
1.71 1.81 1. 69 1.79
1.88 1.7 4 1 . 7 5 1.62
10 1. 89 1.91 1. 84 1. 80
11 1. 91 l. 86 1. 80 1. 72
12 1.74 1. 83 1 .62 1.77
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Table 23 Summary of descript ive statis tics f or he adwa ys
reco r de d a t App roa ch 16 West
queue ee d f en
~ WJ. = WJ. """"
1. 81 1.88 1. 68 1.6"
1.94 2. 18 1.82 1.96
1. 91 1.96 1 . 84 1.83
1. 95 1.9 2 1. 71 1.85
1.9 4 1. 99 1. 89 1. 8 8
1.83 1. 99 1.66 1. 8 2
1.85 1.99 1 . 15 1.18
1. 96 2 ."3 1.92 1. 8 9
1.89 1.98 1.91 1. 83
10 1 .84 1.93 1.63 1.78
11 2 .1 5 1 .9 9 2.86 1.89
12 1 . 87 2 . "7 1.60 1. 92
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From these Tables i t can be seen that on each of the
study approaches for each queue position under both fair and
poor weather conditions the mea n headway value is never l e s s
than the medi an value. This phenomenon is a result of the
s ke we d na ture of the he adway distribution as discussed in the
previous section. In a positively sk ewed distribution, s uch
as those contained in Figu res 26 to 29 , the .nea n wi ll be
la rger than the median .1 33 Because of the skew in the
distribution of observed headways, numerically more than
one-half of the observations ha ve values that a re less than
the value of the mean . This occurs because the me a n may be
considerably affected by l a r ge outlying headway observations.
In this case it could be argued that, as numerically more than
one-half of the observations are less than the mean , t.he
median is actually "more typica l " of the data . 134
Howeve r, in all instances the value of the mean and
median are c lose , and in one case are actually equa l (approach
16 east , queue position 3 , poor weather conditionsl .
Generally , the difference be tween the va lue of the mean and
the value of the median is a lways wel l l es s than one standa rd
deviation , usually being in t he range of ten"hs of a second
l e s s .
Because of this closeness of mean a nd median , and because
of t he impor tance of the mea n in statistical theory, it was
decided to accept the mean statistic as t he more important
measure of location for the purposes of this experiment.
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Included in Appendix F , Output from "ceLj means "
procedure of SPSs/x sof tware , is an analysis of the headway
means gene rated using t he software package SPSs/x operating
on a Digi ta l VAX mainframe sys tem . To e nab le the use o f the
po werful analytical package of SPSS statistical software , the
7 200 he a dwa y reco rds in t he f i nal da ta set had t o be
t r an s f or me d t o ASCII forma t. and downloaded into the DEC
system.
When t hi s p rocess was comp lete the "ce Lj means " procedure
o f SPSs/x was used to gene rate t he contents of Appe nd ix F .
Th i s p rocedure p roduced the to tal population mean, the mean
headway for each l e vel of t h e approach gradient factor r t he
mean h eadwa y for each l evel of t he wea tber f acto r and the mean
headway fo r each leve l o f the queue position factor. The
procedu re a lso produced t he mean head ways of the cells
developed by t he two -way inte ract ions of weather/gradient .
position/g rad ient and posit ion/weather , and by t he three-way
i n teraction of position/weather/gradient .
The mean headwa y of t h e total population of 720" headways
i s 1. 88 seconds . Examination of the mean headways for each
o f the five app roacb grad ients i n d i ca t e s that the mean
headways on approac hes 71 west , 0.6% , and 16 West , -7. 2%, are
significantly greater than t h e overall mean headway a t t he 1%
l e vel, while t he mean head....ays on approaches 16 East , +7. 2%,
7 South , +3 .0%, and 7 North . -3 .0% are less than t he ove r a ll
mean headway with the mean headway on 7 south s ignificantly
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l e s s at the H leve l .
In tuitively, if it i s assumed t hat posit iv e approac h
grades adve rse ly affect headwa ys, it woul d be exp ected , f or
examp le , t hat app roac h 16 Eas t wi t h a gradient of +7 . 2% would
ha ve a mea n headway greater t ha n t he overall mean an d t hat
app ro ach 1 6 wes t , gr a d i ent - 7. 2%, would hav e a mean headway
less t ha n th e overa l l mean . Howeve r , at t h is pre liminary
stage in t he a nalysis , the data ind i c a t es th at t h i s ass umpt ion
i s not va lid .
The mean head way va lues unde r fair a nd poo r weathe r
cond it ions ar e 1 .8 6 s eco nds an d 1 . 91 seconds respec t i vely .
I n t he c ase of the wea t her f ac t or, t he i ntu i t i ve ass umption
tha t poo r wea the r c ondition s adve rsel y affect headways does
appea r valid a s t he mean he ad way un der poor weather cond i tions
i s, i n f a c t, g reate r t ha n the mea n hea dway unde r f air weather
co nd i tions. However , t he mean headway under either weather
co nd i t ion is not signifi can t ly differen t from t he overall mean
at the 1% l evel.
The mean hea dway s by po s it i on i n t he q ue ue a re a lso
c ontaine d in Appe nd ix F. Gene ra l l y , t he fir st thre e que ue
position s hav e mean headways grea ter t han the overal l mean
and the rema i ni ng n in e que ue po sit i on s ha ve mean headways l e s s
than o r equal t o the overall mean head way. Th i s r es ult is a s
was ant icipa ted i n the ea r lier discus sion on t he ph enome no n
of s tart ing delay. Howev e r , on ly the f irst two qu eu e
posi t i o ns have mean he adwa ys t hat are significant l y gr e a te r
'"
than the overall mean headway, and L, - n only a t the 5\ level
of signif icance . The re mainder of the positions hav e eree n
headway s that are no t signific a nt ly diffe r ent f rom the overall
Of cours e , if t he ana lysis of t he facto ri al expe rimen t
r es ults i nd i cates tha t interactio ns exist then the main
e f f ec ts of ap p r oach g r lldient , weathe r co ndit ions , and queue
posit i on as discus sed above wil l cea s e to have much meaning
by themselves as t he effect of one f"ct or wil l dep e nd on the
level (s) of the other facto r (s) invol ved in t he inter-
action. l 35
6 . 2.2 .2 Measure s of spread
As well a s dete rmi ni ng t he va l ue s of t he measures o f
loc a tion, i t is impo r tant when an a l y zi ng da ta t o know ho w
spr e ed out the da ta is . The t wo more ilnpo r tant e ea s u r ee o f
sp r e a d are the va r iance and i ts squa re roo t , the s t and a rd
de viat ion . Thes e t wo ...easures a re co mple llen ta ry , althou g h
t he standa r d de v ia tion is preferred to the va rianc e as a
de scriptive s tat ist i c s inc e it h a s t he SADIe un its as the
or ig i na l measu r emen ts . 136 The l a r ge r the va l ue of the
s t and a r d de viation , the more spread out about the mean the
da ta wi ll be . And , conversely, the s malle r the standa r d
dev iation , the l e s s sp read out about the mean t he da ta will
be .
Standard dev i ations fo r the t otal population o f 7 200
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head ways and f .... r the s ubse ts of data different iated by
grad ient , wea the r an d posi tion are included i n Table 24 ,
standa rd deviat ions of headwa y subsets c lass if ied by mai n
facto rs .
The standard dev iation fo r the t otal popula tion of 7200
headways i s 0. 61 seconds.
Examina t ion of t he va riability of headwaya a t the various
study appr oache s ind icates that on approaches 16 Eas t, 7 South
and 7 North , \.'ith g radients of +7.2%, +3. " % and - 3.n
respec tively , the variances o f t he reco r de d head ways were l es s
th an the t otal populat ion var iance . Howeve r , the variances
on appr oa ch e s 71 west and 16 West , +0.6% and -7 . 2%
respectively , were greate r than t he total pop ulat io n
varia nce. The re i s no appar ent t rend no r any apparent r e as on
for t he s e r esults.
The variances of headways unde r the t wo l evels of weathe r
cond i tion , fair and poo r , are 0 .36 an d 0. 38 respec tively . The
dif f e rence i n t hes e variances , with the var iabi lity be ing
greate r unde r poo r weather co ndi tions , i s no t unexpected . It
can be argued that g iven poor wea t he r condi tions veh icle
headways would co ver a l a r ge r range of values as drivers
ad j us t t heir dr i v in g habi ts t o reflec t ope r at ing conditions.
The t wo values of variance f or fai r and poor weathe r
cond itions a ppea r to s uppo r t this assumption .
Exami na tion of the va riances ca lcula ted by queue position
indicates that t here is greate r va ri ab ility in headways fo r
ISO
~able 24 Standa rd deviat i ons o f h eadw a y subs ets c lass if ied by
mai n fac t o r s









































queu e po::1tions 1 a nd 2 than f o r t he r emain i ng queue posit i ons
with t he except ion of pos ition 11. The high er v a ri ance s f or
posi tions 1 and 2 can be e xplained 1£ i t is assu med that
d r iv e r s who f i nd t h emselve s i n one of t he s e two que ue l ea der
pos i tions t end t o r eac t in dif f erent wa ys t o t he i r be ing i n
t hat posit i on . Some dri ve rs undo ubtedly ac c elerate r ap i dly
with the c hange o f signa l display from r e d t o g r ee n while
others a ey acce l e r a t e more g ra dua l l y . Drive r s i n queu e
pos ition 1 in part icul a r a r e totall y unr estrained from limits
on accelerat i on be ca us e t he r e is no p receding vehic le 1:0
p rovide t ha t r es t r a i nt .
The high variance ob served f o r que ue position 11 can no t
be readil y ex plained . Examination of Appendix F , Output Er om
cell means proce dur e of SPSS/ X so f twa r e , indica t es t ha t for
ecee re ason t he me a n hea dway s a t que ue posit i on 11 ra nge from
a l o w o f 1 .76 s ec onds a t app ro ac h 7 Sou t h , +3.st , t o a h i gh
o f 2 . " 9 s ec onds ."It app roach 71 West, +".6\.
Table 25 contains descriptive s tatistical informat i on on
t he da ta recorded a t each of the twe l ve que ue positions that
hav e been included in the anal ysis . The data r ecorded at
pos it i on 11 ha s con siderably mo r e va ria bi li ty than the da ta
a t a ny other queu e position inc luding po s i t i ons 1 and 2 where
t he greates t va riabili ty mi ght have been e xpect ed .
I n light of t h i s la rl)e va ria nce t he headway da ta t hat wer e
r ecorded ror queue posit ion 11 were c l os ely r ee xa min ed . The
dis t rib ut ion of beadways at position 11 i s c on tained i n Figure
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Table 25 Summary of descriptive stat istics for head ways by
queue position
l1QZi1.ti2n ....... ~
L 96 0 .4 2
L 98 0 . 41
L 89 0.3 3
L 88 130 38
L 8S 0 .3 5
L BS 0. 36
L B2 0 .3 6
L B7 0.3 4
L B7 0 .36
1 . LBS 0.33
11 L 93 0 .46
1 2 L B6 0 .39
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38 . Whe n t h i s distr ibutio n i s c ompared t o the d i s tribution
of all r ec or ded he ad ways cont aine d in Figure 26 it c an be seen
tha t t he re i s a s e c ond peak in t he dis t ribution of he adway s
observed a t pos it i on 11 at t he 2 . 2e second ma r k . Th i s s ec ond
pea k woul d explain th e high va l ue of t he eeen he adwa y at
pos ition 11 .
The shape of t he d i stribution shown i n Figu r e 38 also
he lps explain the l arge va rianc e at position 11. Varianc e is
a meas ure of how muc h . on average , the in d ividual obs erva t ions
de via t e from the mean. The broader and more gent l y sloping
the distribution curves, th e greater t he va ri anc e of t he
pop ul a t i on re presented by that c u r ve because mo r e observations
would be r ecorded furt her f ro m the me a n .
An intere sting trend is apparent when the headwa y data
t ha t wer e obse r ve d a t que ue pos i tion 11 are classifie d by
approach . A s tatis tica l brea kdown by ap proach is conta ined
i n Tab l e 26 . Notable alllOng t he i n fo rmation c ontained in Tab le
26 is t ha t the variance on app r oach 71 West , +8. 6\ , i s 8.7 8.
The va r i a nce at approach 16 Wes t i s als o h i gh a t 8 .54, but no t
nearly a s high a s t ha t f or ap p roa ch 71 West . Whe n t he
coefficient of va ria t io n i s calculated f o r t he headw a y data
a t the five study approaches fo r qu-ue posi tion 11 t he va lue
for app roach 16 Wes t f all s more i n l i ne with those of t he
other s t.udy approache s , aga in with the exception of approach
71 wes t which r emains high. The coefficient o f variation i s
considered to be a usefu l paramet er fo r mea s uring spread in
154
pigure 38 Dis tribution of ob se rved hea dways - position 11
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Tab le 26 Summary of descriptive statistics for headways at
queue position 11 by app roach
c oef fic ient
approach var i ance of variance
overall 1.93 1'.46 1'.35
16 East 1.92 1'.28 1'.28
7 South 1.76 1'.34 0 .33
71 West 2 .051 1'.70 0 ..46
7 North 1.88 1'1.38 1'1.33
16 West 2.02 0 .54 1'1 ..36
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r elati ve t e cms. 137 Here it reaffirms t hat the r e is i ndeed
more sp read of t he da t a at posit i on 11 on app roa c h 71 Wes t
than a t t he other s tu dy appr oaches . This f ac t i s f ur t her
affi rmed by the sha pes of t he dis t ribut ion c ur ves fo r posi tion
11 fo r eac h o f t h.! five study appr oaches . The s e curves ar e
presented in Fig ures 31 to 35.
The preceding exa mination of t he headway data f or queu e
position 11 ha s ind icated that the hi gh mean val ue f or
hea dways a t t ha t position is due , in la rge part , to th e hi gh
mean value of t he headways obse r ved at approac h 71 West ,
+B.6% . Addit i ona lly, the l a rg e variance at queu e po sition 11
is a l s o due chiefly to the large va rianc e in he adways
approach 71 West .
However , as t o whether the dat a for position 11
approach 71 West are invalid, there is no r eason to be lieve
t ha t they a re. The cbservations on po s it i on 11 a t tha t
ap proach are undoub ted ly more variable th an observed data f or
position 11 on the other s tudy approaches but there is no
apparent r e aso n t o di s ca r d them as i nval i d .
6.3 Fa ctorial t est r es ults
6.3 .1 In t roduc t i on
A fa ctoria l experiment is an experiment performe d to
determine the effects of one or more factors on t he re sponse
variab le of i nt e r es t . The term ' f actor' i s used t o den ote
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Figure 31 Distribution of observed headways a t queue posi t ion
1 1 - app roach 7 nor t h
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F i gu re 3 2 Dist r ibut ion of observed hea d ways a t que ue posi t ion
11 - app r oa c h 7 so uth
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Fi gure 33 Dist ri"''' 'rLon of observed needways at que ue position













pigure 34 Dis tr Ibut I cn of obs e rv e d headwaye at queue pos ition
11 - app roach 16 we s t
16 1
Figu re 35 Distribution of observed headways at queue position
11 - approach 71 west
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any fea tu re of t he expedmenta l co nd itions wh i ch may be
assigned at will fr om one tr i al t o an other ,
The e xper i ment d i s cus s e d here is a three-facto r f ac t or ial
experiment , the facto rs of i nterest t e :ng approach grad ient ,
we ather cond i tions and posit i on i n the queue.
The r e ar e t wo main t ype s (',f factor: quali tat ive and
qua ntita t ive. A qua litative f actor i s one in wh i c h t he
di f f e r en t leve ls of the f ac t o r cannot be arranged in o rde r of
magn i tUd e , while a quanti tat ive f actor i s one whos e values can
be arra nged by magn i t ude . The approach gradient and queue
posit ion f a ctors in this expe r iment are quant itative and the
we at her condi tion factor is qua l itative.
The va rious val ues o f a facto r tha t are exami ned i n a n
e xpe riment are known as l ev e l s •• The l eve l s assigned to the
t hr e e fac t ors .n t hi s expe rimen t a re shown i n Tab le 27 .
The numbor of l e ve l s of t h e app roach g radien t factor ha s
been r evised from the seven l ev e l s sh own in Table 15 to the
five l e ve l s a s d iscussed i n Sec t ion 5 . 4.
The e f fec t o f a fa c t or on t he va riable of interes t i s
the change i n the r e s p ons e p rodu ced by a change in t he l e vel
of the facto r . For ex ample , the e f f ect of the wea t he r factor
on hea dway would be the change i n hea dway tha t r e s ult ed from
a c ha nge f r om fa i r weathe r conditions t o poo r wea the r
cond i t i ons . Th i s r e pres e nts t he mai n effect of wea t her o n
ve h i cu l ar he a d ways .
If the eff ect of one f acto r i s differen t a t di f fe rent
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l eve l s o f anothe r , t he two facto rs are said to i nteract. The
effec t o f one f ac t or chen depends on t h e l eve l of another
fac to r .
The analysis of variance (ANOVA) t ec hni que is used to
test the null hyp othes e s that we r e orig inally postulated in
Chapter Four . The ANOVA procedure determines if th e mai n
e ffects o f the f a ctors or L: any in teraction effects are
s tat is t ically s ignif ica nt. The ana lys is of variance assesses
by s ignificance t ests whethe r t he obse rved va lues of the
effects o f t he f a c to r s can be accounted for by expn imen tal
error . This assessmen t i s performed by a series of F- tests ,
one f or each main e ffect and interaction , compar i ng the mean
square o f a facto r or i nteract i o n with the error mean s qua re .
If a n F- t e s t s ho ws t he mean s quare of a factor o r inte r acti on
to be sign i fi c ant l y greate r tha n t he e r ro r mean squa re , it can
be infe rred t hat c hang ing t he l e vel of that f ac tor does affect
t he r espons e , o r i n the ca s e of an i nterac tio n , tha t t ha t
i nt eraction does affect t he r e s p ons e . 138
6 .3.2 Discus sion of t e s t n .J u l t s
The SPSS/X s of tw a r e package wa s used t o pe r form t he
ana l ys i s o f va ri an ce p roce dur e on t he 720" ve hicle he adwa ys
i n the fi na l da ta set. The o utput f r om t h i s procedu re is
i nc l ude d as Appe nd ix G, Output f r om ANOVA p rocedur e of SPSS/X
s of t ware . A summary o f t he r e s ult s cont a i ned in t his outpu t
is i nc l uded in Ta bl e 28, Summary of ou t put fr om ANOVA
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Table 27 Revise d Jevc Le assigned t o facto rs i nfluen c ing
t ra ff ic operations at signalized i nters e c tions
f actors J weather approacb queue
~ !!LOAJ&nt QQll.1.ti2n
levels : 1. fa i r 1. +7 . 2% 1. 1
2 . poo r 2 . +3 . 0% 2. 2
3 . +0 . 6% 3 . 3
4 . -3.8% 4 . 4








1 2 . 1 2
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Ta ble 28 sunme ry o f Ollt put f rom ANOVA p ro c edure
sour ce of calc tabulai:.~d
vari a tion a.r , F F at It re mar ks
gr adient 14 .2"2 3.32 s I gnif ica n t
weather 8 . 16 4 6 . 6 3 s ign ifican t
pc s ition 11 3 . 937 2 .2 5 s i gnif ican t
grad i en t / 5 .695 3. 32 s i gnif icant
weathe r
g ra d i e nt/ 44 1.391! 1. 57 not s ignifica nt
p os ition
weathe r / 11 1.7 07 2. 2 5 no t signif i ca nt
p os ition





Table 28 i nd icates that the main effects of approach
grad ient, we a t he r c ond i t i ons and que ue po s Lt Lcn on ve hic le
head way a re all s ig nif icant at th e 1\ l ev el with approach
gradient be i ng high l y signif icant. However , becaus e the
in t e ract io n of t he factors of approach grad ient and weathe r
ccnd f t Lons i s a lso sign ificant a t t he 1% l ev el the main
effect s cease to have much meaning by them:.~ lv e s a nd t he
effect of approach grad ien t on vehicle headway mus t be
e xami ned at each l e vel of t he weat her condi tion facto r .
The mea n assessments fo r app roach grad ient a nd weather
con di t ions a re e xpressed in t he two-way tabl e con tained i n
Tabl e 29.
It ca n be s ee n f rom t hi s Tabl e t hat ge ne ra lly the mean
headwa y va l ues unde r fair weathe r con..~it ions on t he five study
approaches are less t han o r eq ua l to t he me an he ad way va l ues
under poor weather condi t io ns . The onl y e xcep tion i s on
app ; ...a cb 7 North , - 3 . 0\ , wher e , for some r e as on, the r ever se
i s true a nd t he mean headway is l e s s un der poor weathe r
c ondit i ons .
Except f or app roach 7 No r th , t h e obse r ved relationship
is in line with the i ntuit i ve as sumption that poor weather
cond i t i ons adverse ly aff ect heedveys ,
The a na l ysis of variance has i ndi c a ted that weather
co ndi tions do s ignif icantly affect vehic ul a r he adways ,
gene ra lly i nc reas i ng the m unde r poor weathe r conditions ..
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Table 29 Mean assessme nts fo r wea ther conditions and approach
gr ad ients
weathe r co nditions
~~ au = usan
16 East +7. 2% 1. 18 1. 94 La6
7 South +3 . il% LIP 1. 81 1. 81
71 West +9. 6% 1.94 1. 98 1. 96
7 No r t h -3. 9% 1.~8 1.84 L 86
1 6 West -7. 2% 1.91 1. 96 1. 94
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However, the presence of a s i gni ficant i nteract io n between
approach gradient and weather conditions intJicates that the
e f f ec t o f weather on headway depends to a s i gnif i c a n t degree
on the gradient of the approach being con sidered . This is
shown clearly in Figure 36 .
I n situations such a s this , when there i s an interact i on
between two factor s a nd one of the factor s is qualita tive, as
t he weather factor is, the problem is to determine the
fu nctional relationship between the respons e varia b l e
(hea dwa y) and the continuou s variable (gr ad i ent ) at both
l evel s o f the qualitat i ve facto r (weather) .139 This i s a
problem of regres sion and i s co nsidered i n detail in Chapter
Se ven .
The results of the ana lysis of va ri anc e a l s o i ndicate
t hat the i nt e r a c t i on of approach gradie nt and queue position
is ba rely s ignif i ca n t a t the 5% l e vel , while the two-way
interaction of weather con dition and queue position is not
s i gnif i c a nt . The t h ree -way interaction of approach gradient ,
weathe r condi tions and que ue posi tion is also not significan t .
It is conc luded that t he slight i nteraction of approach
gradient and queue position can be igno r ed, part icularly in
li~ht of the ma gn: tude of t he i nt e r a c t i on between approach
gradient and weather conditions .
6.3. 3 Ve rifi c at i on of the f actorial expe rime ntal mode l




















pigu re 3 6 Inte raction of we a th e r and g radi ent on he adways
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factor ial expe r iment · s mathematica l model.
The assumpt ion of addit ivity was made. Th i s says th at
U , va lue of t he respo nse variable is equa l t o a quanti ty
depend ing on the envi ronmen ta l conditions and the expe rimenta l
unit plus a quant i ty depending on t he t reatmen t used. l 40
Further assumptions were made about the distribution of
the e rror t t> : "IS o r residuals. The residual of an obse rvation
i s t he difference between t he observation and t he val ue
predicted by t he mOdel. l 4l The assumptions t ha t were made
1. t he errors were assumed t o be independent (that is t o say
that t he value of the error in one cbse r va t Icn i s no t
influenced by the va l ue of t he e rror in a nother ) T
2. the er ro r va riances we r e assumed to be homogeneous; and
3. the er ro rs were assumed t o be Normally distr ibuted .
The firs t assumption, t hat of add itivity , is usually
considered a reasonable assumption to make . 142 Eac h of the
three r emaini ng assumptions is checked in the following
sections.
6.3 .3 .1 As sumption of independent e rro r s
In t he mat hematical model us ed t o des c r ibe t he f a c t o r i al
expe riment the e rror terms are assumed t o be dist r i buted
i ndependent ly. That i s , s uccessive e rror te rms are ass umed
t o be uncorrel a t ed .
To ens ure, as far as poss i ble, t ha t there
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cor r e Lat I on of er ror t e r ms, t ha t t he r e ....a s no s ys t ema ti c e rro r
in t he expe r bental results , t he simple but powerful t ec hn i que
of ra ndomiza t i on was used . As noted by Davi e s , "tbe a rtific ial
int roduction of a chance co mponent by allocatin9 th e
treatments at r a ndce e e kes it ap propriate to analyze the da ta
a s tho ugh t he er ror s ....ere independen t .-143
Never theles s , i t wa s thought prudent t o pe r fo r (ll a check
t o dete rmine whether the r e s i du al s wer e i ndepe nde nt.
An effective met hod of checking for co r relation of
euccess I ve error te rms involves e xamining t he s i gns o f the
r esidual t erms . A pa t t ern of pos itive va l ues fo llowed by
negat ive va lues would mean that some unc o nt rol led facto r wns
systematically a ffecti ng the r es ults whi:: h would make any
conclusions suspec t. 144 Acco rdingly , t he erro r t e r ms were
e xamined t o r patterns a nd none ....e r e evteen e , leading to th e
conclus io n that there is no correla tion 'o f e r r o r t e r ms and
t hat the r es l due ls a r e tlis tributed in de pendentl y . This
conclusion va r t da ee s the {leco nd as sumption of t he mat hemati cal
model t hat was employed i n t h i s expe r imen t .
A samp l e of t he res idual database i s inc luded a s Appendix
H, Exc e rp t f rom da tabase of r e s i duals r es ulting from i nit ial
ANOVA p rocedure .
6. 3.3. 2 Ass umption of homogeneous e rror va ri ance s
Ano the r a s su mpt ion of the fac toria l exp er ime n t mat ne -.
matica l model is that t he pop Ul a tion variance fo r each group
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of observations is t he same. Visual i ns pection of t he g r ou p
variances is usually s ufficient to de te rmine if t his
assumption of var ianc e homogene i ty i s valid . 145 Such an
in spection "If th e data co nta i ne d i n Ta bl e 30, Variances of
residuals , i ndica tes that t here is no reason to do ub t the ir
homogene i t y .
Al ternative methods of ve rify in g variance homogeneity
are Bar t l e tt 's Test and Coch ra n's Tes t . Ther e is a haza rd in
apply ing Bar t le t t 's Tes t in that "it is ve ry sensitive to the
No r mality assumption. In fact , [a significant result) may
resu r t from a de v iation f r om Normality as we ll as f rom
het e r oge ne i t y o f variance s. ,,146 For this r ea s.cn Cochran 's
Test was us e d to tes t fo r va r i anc e homoge ne i ty. Coc hr a n 's Tes t
has the requi rement that samp le sizes be equ a l. For t una tely
this requirement is met;, The r e s u l t s of this tes t are
conta ined in Append ix It Coc h ran 's Test for var iance
homoge neit y. These res ul t s i ndicate t hat the va riances a re
homoge neous and t hat the third ass umpt ion made abou t the
mathematica l model i s va lid . The calcul ations used to pe r f orm
Cochran 's Test are als o co ntained in Appendix I , Coch ran 's
Test f o r variance homogeneity .
6.3.3.3 Assumption that errors are Normally distributed
The l ast assumption made abo ut the factorial e xpe rimen t 's
mat hematica l mode l i s that t he e rror t erms are dist ri buted i n
a Norma l manner . "If the er rors a re no L Normal ly dis t ributed
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Table 38 Variances of residua ls
wea t her fa i r
poo r 0 .3 8
gradient +7. 2% 0 . 33
-7.2% 6.46
+6.6' 0 .4 3
+3 . 0% 6. 3 5













the t ru e probabil ity of chance occur rence ....ill not be g iven
exactly by t he s ignificance t able s .,, 147
The d i str i bution of t he er rors i s s ho....n in Figure 37,
Di s t ributi on of res idua l s a ft e r first ANOVA proced u re. It
can be seen from t his fig ure t ha t t he distribu tion is roughly
Nor mal in shape but i s skewed slightly t o t he l e ft , o r
posi tively , as the distribut ion of the origina l headway data .
Fo rtu na tely , Davies notes tlJ at " •• •f o r the majo r ity of
planned experiments , t he us e of t he Normal t h eor y tables of
sign ific a nc e wil l provide a n adequa te approx imation eve n whe n
fai r ly l a r ge depa r t ures f rom Normality occ ur . ,,148
He re-affi rrns t hi .. stC\ ternent when he notes tha t t he
F-test in an ana lysis of vacLance is , "not very sensitive to
z epe r euree f rom Norma l i ty. ,,149
I t i s a ssumed , the refo re , t hat the depar t u re from
Norma li ty i nd i c a t e d in Fi gure 37 wil l no t serious ly a f f ec t
the a na l ysis and t hat th e fi na l ass umption abo ut the
mathematica l mode l may be considered valid.
6.4 Conclusions
Th e f o r ego ing s ections have va lida ted t he math emat ical
mode l used t o pe r form t he ana l ysis o f variance t echn i qu e . It
i s no w in or de r to de te rmine what, if a ny , f unctional
r elat i ons hips exis t be t ween th e fac tors tha t it has be en
concluded have significant effects on t.h e response v a r i ab l e ,
















h-rTTT...,....,...rrTT..,...,...,--:-+ '~~, ~~~~~~;~~= d~~d~a~ ~ 1
Figure 37 Dis tribution of re s i dual s - fir st ANOVA proc ed ure
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inte raction with weather.
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CHAPTER SEVEN
7 ~ B FOLLOW-uP PROCBDURES
7 ~ l Introduction
The ana lysis conduc ted in the previous chapter in dicated
t hat the headway of a veh icle leaving a signalized
i ntersection is significantly affected by t he interaction of
the approach grad ient clt the intersection with weather
c onditions . In other words , the effee;t of approac h qr ad Lent;
on vehicle headways depends on t he wea ther conditions.
In t h i s chapter an attempt will be made to de t ermi ne if
t h is e ffe c t on headway can be described in t e r ms of 1:1
f un ctional relationship be t ween t he t wo factors o f grad ient
and weather and the r e s ponse va riable of headway. The
re lations hips will be deve loped t hr ough reg ression analysis.
Reg ression analysis is concerned with i nvest i gat i ng the
r e l at i ons h i p betwee n va riables i n the presence of random
e r r or , I n pa r ticu lar , a modeI i s const r ucted in which the
dependen t var iable i s expressed as a combination of o ther
va riab les , referred t o as i ndependent va riables , and t he
unknow n param eters i n t he model are estimated using obse rved
va lues of the dependent and independent variables . 150
I n simple terms , t he r e sul t of reg ression ana lysis , t he
r egression equat ion , is a sta t istica l rela t i ons hip between
ob served va l ues of t wo or more var iables . 151
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Regress i on an a l ys i s i s dis ting uishe d f rom other t yp es of
s ta t istica l ana lyses i n t hat t he goal is to exp r ess the
r esponse var iable as a func tion of th '" p red i ctor variabl es.
Once such an ex pr e s sion is obtained the relations hip ca n be
utilized to p r ed i ct va lues of t he response va ri able, identify
which variables most af fect t he response or veri fy
hypo t hesized ca usa l models of t he response . l S2
The intent of t hi s ph as e o f t he exper ime nt i s to a r rive
a t an expression t hr ough r e g r e s sion t hat performs the fu nction
fi rst mentioned above , th at i ll, th at predicts he adwa ys of
veh icles queued at s ignalized in te rsections . When the
princ ipa l a im of regress ion ana l ys is i s t o deve lop a
predic tion equation • •• "it i s not of pa ramou n t impor tance t hat
a ny specif i c se t of predictor var iables be in cluded in t he
model nor t ha t t he r e g r e s sion coefficients are est imated
prec isely . All that i s r eq u i r ed is eccurecy of predict-
i on ."lS3
With t hi s i n min d, t he f ollowi ng s ec dons of t his ch apte r
dea l wit h t he regression model pos tUlated f o r the r elat i o ns hip
be ing in ves t igated in this exper ime nt and the assumptions that
mus t be met to ensure t hat t he sta t is t ica l r ela tions h i ps
dev e l oped to f i t t he model a re va lid .
7.2 Regression of ,"c J icular headway on the interaction of
grad.i.ent and wenther
Th e resu l ts of the fac torial experiment that has be en
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deac r Ibed in the previous chapter indicated that the position
of a vehic le i n a queue on an approach to ,1 s ignalized
intersection significantly affects t he headw ay of that
veh ic le. This i s a reasonable re su lt: considering t he previous
discussion in Section on s t a r t i ng delay. I t would be expected
that the headways of t he vehicles i n l e ad in g queue t'ositions
would be gr eat e r than t hos e of vehic les f ur t he r back in the
queue as a result of the re action t i nle of drivers in t he e arly
queue positions to the s t a r t of the gr e en phase . Thus, there
appears t o be a re lationship between pos i t i on in the que ue and
headway .
Si milarly , t he fa ctorial expe rim ent led t o the conclusion
that the main effects of app roach gradient and weather
con ditions a lso signif icantly affected veh icle heecvays ,
However, bec aus e t he analysi s of va ri ance i dent i fi ed the
existence of a significant i nt e r ac t i on , t hese main effects
ceased to have much meaning s ince the effect of one f actor is
i nfluenced by t he l eve l of ano t h er fac t or .
Specifically, a t anyone time, the effect of app roach
grad ie nt on headwaya depends on the wea t he r conditions tha t
exis t at that time . Thus , t he r e appears to be a relationship
be tween weather , gradient and headway. The tas k i s to attempt
to specify t he form of this relationship. Beca use weathe r i s
a qualitat i ve variable the effect of approach gra dient on
headways must be examined separately at both levels of the
weat her factor .1 54
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7.3 Model specification
7 .3.1 Pr e li.i na cy data analysis
TO obtain c or r e c t model s pecification i n a regression
ana lysis t \liO illlpo r t a nt aspects have to be c onside r ed : -all
relevan t vae iables mus t be con tained i n the da tabase and the
proper f unctional fo rm of eeeb p redictor mus t be defined in
t he pred i ction equation . - 155
with r e gards to t he firs t aspec t , lIla ny of the va riables
t hat af fect headways were neu t ra lized at t he e xpe rimenta l
des ign phase by en s uri ng that t hey we r e at t he same level on
each of the s t udy app roache s . This mat t e r is discus s ed in
Chap t e r Three. The va riables of intere s t, thos e whos e e f fec ts
were not null if i ed , we re a nalyzed by t he an a lysis of va riance
technique , as d i s c us s ed in t he previous ch ap t e r . This
an alysis of va riance led t o t he c onclusion t ha t t he va riable
o f app roach gr adient i nteracting with t he va r t ab le of weathe r
condit ions significan t ly affects t he vehicular headways o f
veh icles l e av i ng signalized i nt e rsec t ions . These two r eleva n t
va ri a bl es are contained in t he da t abase .
With regards t o t he second a sp ect of cor re ct mode l
s pe c if i ca t i on , before atte mpting to s pe c ify the f orm of t he
r e gr es s ion equation t hat mode l s t he relat i on ship betwe e n
depe ndent an d i ndepen dent va ri ables i t is often us e f u l t o plot
t he independent o r pred i ctor var i abl e s , in t his case, weathe r
a nd app roach gradient, aga ins t t he depe nden t o r r e s pon s e
va ria b l e , headway , to see if t he f o r m of the mode l s ugge s t s
1.1
i tself. Figures 38 a nd 39 co nta i n plots of approac h gradient
ve r s us mean headwa y r ' ea ch l e vel of the weather condition
factor . Figure 38 shows the plot of approach gradient ve r su s
mean he adwa y for fa ir weather conditions and Fig ure 39 shows
the plo t of gradien t ve rsus mean headway for poor weather
condibLcne ,
Exami nation of Figu re 38 indicates that , with the
except ion of t he mean headway da ta point f o r approach 71 West
which has a gradient of +" .6%, t he data points lie roughly i n
a straight line having a negative slope. This i s co nt rary to
what would in tuitively be expected (Le , that head weye woul d
dec rease on negative grades ). This phenomenon of headways
being greater on negative gradients may be t he ce e urt of
drivers mai ntaining mo r e of a cushion between th e ms elve s and
p receding vehicles on do wngrades than on upg rades i n a n effor t
to c ompensate in some deg ree fo r t he effect of gravity.
However . t he phenomenon is not as pronounced under poor
weathe r c ond i t i ons , a lthough a regression line s uper imposed
on the nean headways unde r poo r weathe r cond i tions doe s have
a s light negative slope as shown in Fi '3ur e 39.
The data plotted in Fi gures 38 a nd 39 are co ntained in
Table 31 . There a re severa l points t hat can be noted about
t h i s data .
Firs t ly, unde r bo th weathe r co nditions the mean head way
va lue is l argest a t approach 71 wes t , +". 6%, whi ch is the most
leve l of the approach grades s tudied . This r es ul t would not
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Figure 38 Approach gradient versus mean headway for fai r
weat he r condi t ion
1 63
Figure 3 9 Approac h gradient versus mean headway f o r poo r
weather c ondi t io n
184
Table 31 Me ans o f obse r v e d head ways by we athe r c on di tion a nd
appr oa c h g radient
weather co nditions
fair poor
~~ ..." ~ ...... ~
16 East +7. 2% 1.7 8 0 .31 1.94 0.34
7 so uth +3 .0% 1. 81 0.37 1. 81 0.33
71 West +0 . 6% 1. 94 0 .40 1.98 0.46
7 Nor t h - 3 . 0% 1.88 0 . 2e 1. 84 0 .2 9
16 We s t - 7 . 2% 1 . 91 0 .44 1. 96 9.47
'.5
intuitively be expected .
secondly , as a general trend , beedwaye are slightly
higher under poor we at he r conditions, as might be expecc ed ,
Thirdly , and most importantly , f rom the point of view of
mode l specification , no n umerica l transfo rmation of t he data
to make the re lationship more linear sugg ests itself.
1.3.2 smooth i ng o f the data
There are t wo problems that complicate the specification
of a reg ression mode l i n the case a t hand. The first , tha t
there are only f ive data points with which to work , results
from the tact that only five intersection approaches qua lified
as successful candidates f or data co llect i un under t he
criteria ou tlined in Chapter Three, Selection of study
inte rsections . Wi th so few data points it i s difficult to
see trends develop in the data.
The second problem is t he scat ter of the data . In
effort to get a bett e r i d e a of t he form of the r e l a tions h i p
be tween headway and g r adi e n t the technique of nsmoot h i ng - was
employed.
-Data smoothing techniques a id in specifying the form of
response o r predicto r variables by reducing t he variability
of plotted obse rvat ions a nd enabling t ren ds to be more clearly
r e c ogni ze d •• 156 Median smoothing was used to r e d uce the
variability of t he observations in this case.
The mea n he ad way va l ues befo t:e and a f t e r smooth ing are
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conta ined in Tables 32 and 33 for fair and poor weather
conditions respectively . The plots of t he smoothed va lues
are contained in Figures 41' and 41.
The median smoothing t ec hn i que invo lves ordering the data
f rom H rs t to last acco rding to the magn itude o f the
grad ient. The f irst two co lumns of Tables 32 and 33 exhibit
this a r rangement . Next, the f i r s t and l as t headways are
rewritten in t he t h ird column of the tables . The second
headway is replaced by t he median of the f irst , second and
t hi r d he adwa ya , The n the t h i r d headway is r epl a c ed by the
median of the second, third and fourth headways. Each headway
i s r epla c ed i n co lumn three of Tab les 3 2 and 33 by t he median
of the t hr e e he adways inc l ud i n g the ones i mme d i a t e l y befo re
and af ter it . Smoothing can be r e pe ated until n'J changes
occur in t h e smoothed values . 157
Th e p lots of the smoothed da ta contained in Figures 4a
and 41 re inforce the conc l usion r ea ch ed ea rlier tha t no
numerica l transformat ion of t h e data r e s ul t i ng i n a more
line a r re lationship is suggested.
Therefore, it is postula ted t ha t the fu nct iona l r e l a -
tionship be tween approach gradient and headway is of t he fo rm
Y"'A +BX
f or both fai r and poor weathe r conditions .
7 .3.3 The line ar . odel
L i n ear r egres s i on i s based on the hypothesis t hat a
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Table 32 Mean head ways before and a fter data smoo thing fo r
fair we a t he r condition
fair s moothed
~9lllIiont ll~ ll~
16 East +7.2% 1. 7B 1. 7 B
7 Sout h +3 .0% LB1 L 81
71 West +".6% 1.94 l. 81
7 Nor th - 3 .0% 1. 8B l. 88
16 West - 7 . 2% 1. 91 1.91
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Table 33 Mean headways before and a fter da ta smoothin g f or
poor weat he r co ndition
pee r s moot he d
~9.<AW&nl; ~ ~
16 East +7 .2\ 1. 94 1. 94
7 So uth +3 .9 \ L SI 1. 94
71 West +9 .6% 1.98 1.B 4
7 North -3 . 11% 1. 84 1.96
16 West -7 .2 % 1.96 1.96
I B9
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Figure 41 Approach gradi e nt ve rs us smoo t h ed mean headway f or
poor weat he r condi t i on
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linea r r elat ionsh ip e xis ts between the respons e and p red icto r
variables . The Lmea r re la t ionship takes the f o rm
Y "'A + BX+ E
whe r e Y - the r e's pcnee var LabI e , headway
X ... t he predi ctor va riable, appr oach gradien t
A,B '" t he reg r ess io n coef ficie nts , a nd
E '" th e error
The e r r o r , E, ref lects the fac t t ha t t he observed ve h ic ul a r
he adways are s ub j ec t to va riabili ty and can no t be ex pressed
exactly a s line a r l y depe nd en t on ap proach g Cddie nt . "The
e r r o r , E, ca n be due to only random fluc t uation of the
r espons es, to predictor var iabl es that ha ve e r r oneou s l y be e n
l ef t out of t he rela tionship , t o i nc or r ect s peci f ication of
t he rel a tions hip or to some combinati on of t hese . " I S8
Becaus e o f t he qualitative natu r e of th e weathe r
p r ed icto r variable, t her e will be tw o equ at i on s of t h i s fo rm;
one f o r. each level of t he weat her factor .
7 .4 The regression procedure
As with the a na ly s i s of va rianc e , o r ANOVA proced ur e
disc ussed i n Cha p t e r Six, the SPSS/X so f t wa re pa ckage wa s us e d
to perform the regres sion ana l ys is . The ila t a set was
sepa rated into two da t a seue r epre eencmq poo r and fai r
weather ccndreIcna , For ea ch da t a s et t he r es ponse va riabl e ,
headway , wa s re g ressed on the approach gradi ent fac tor. The
cuz pu e f ro m this proc edure is in cluded in Appe ndix J, Out put
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f ro m regre s s io n proced ure of SPSS/X s of t wa r e . A su mmary of
t he re s ul t s co nta i ned in the ou t put i s inc l ude d in Table 34 ,
SUl1lllluy of output from r egress i on pr oc e dur e .
7 .4 .1 Least s qua res pa r ameter es t. i mat ion
· Amon g t he man y possible es timat or s of coefficients in
a l i near r egr e s s i on model , leas t s quares parameter estimation
i s ov e r Wh elmi ng l y t he mos t popu l ar . Le a s t s qua r e s estimation
has bee n accepted a lmos t unive rsal l y a s t he be s t estimation
techn iq ue for line a r r e gr e s sion model s . ..159
If on e is us i ng a pr edict i on equa tion of the form
y ;; a + b x
to pred ict r e spons e s f o r t he mode l disc us s ed i n Section 7 . 3 .3 ,
Y=A +BX +E
a mea s u r e of how wel l . y" predicts t he r es pons e va r iabl e · Y·
is the magni tUde of t he r esidual, "r ", defined a s the
di ff e r en ce be t ween "Y· and " y",
r = Y - Y
The least s quare s estimator s of t he r e gr es s ion coeff i c ient s ,
"a" an d "b" , a r e ch os en s o t hat t he s um of t he s quared
residua ls i s as s ma ll a s possible . 160
However , within th is s t rength of t he l e as t sq uares
pa rame t e r estimation t echnique lie s one of its g r e atest
veeknee e es , Usi ng l ea s t s qua res estimation , "the pred i ction
e qua tion can be computed r eg a rd l ess of whe the r t he t r ue model
has been c omple t ely a nd prope r l y specif ied . Leas t sq ua res
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1'ab l e 34 Summary of output from regression pr oc edur e
~ Ull 1222.<
a -square 0. IH1378 0 . 0006 7
s tandard erro r 9.61298 9 . 61540
r - test statistic 29 .3922 5.25577
co nstant 1.86688 1.89383
slope of
r eg r e s s i on line - 0 . 7367 - 0 . 33 23
SSE , sum of squa res
due t o erro r 29 09 .80 2980.55
SSR, s um of squares
due t o reg ression 11. 0441 1 . 990 48
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estimation mere ly guarantees that the sum of squ ared r esiduals
will be minimized by t he estimates o f t he parameters fo r t he
model used t o obtain a predictor . It neither guarantees that
the model used is the correct one n or that t he sum of t he
squared residua ls for t he resu lting p red iction equation wil l
be small (on l y tha t they will be as small as possible f or t he
model used) . 161 The ana lyst must be awa re t ha t l e as t squares
estimation wi ll a l ways p r oduce a prediction e qua t i on , bu t that
whether that prediction equa t ion f its t he da ta or whether
other possible predictors should be i ncl Ude d in the eq uation
must also be cons idered .
7 . 5 Measures of f i t
Because the l e as t squares est imation t ec hn ique wil l
a lways produce a p rediction equat ion re gardless of whethe r
the specif ied mode l i s correc t, measures of the adequacy of
the fi t should be e xamined pr io r to an at tempt t o i nte rp ret
t he prediction equat ion . l 62 RWh ile t he ultimate decision of
whe t he r the f itted model does ad eq uately predic t t he r e s pons e
va r i able of ten mus t be based on t he purpose of the
investigation ana t he deg ree o f accuracy desi red by the
experimenter or dat e analyst , s tatistical measures of the f it
are a lso avai lable to aid i n the assessment . rrl 63
7.5.1 partitioning the variabilitj'
"Statistical a nalys is of data occurs because responses
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a re var i able , _164 One measu re o f th is var iability i n da t a i s
a quanti ty ca lled t h e Adj usted To tal Sum of Squares ,
TSS(ad j) , Th i s quanti ty i s the s um of t h e squares of t he
di ffe rences between each observation in a data s e t and the
mean of all observations .
I n a similar f ash ion to t ha t employed i n the Analysis of
Variance technique d iscussed in Chapte r S ix, the Adj usted
To t al Sum of Squares can be b r oken d own or pe r ti tioned as
f ollows :
TSS (adj) :: SSR + SSE
whe r e SSR :: Sum of Squ ares due to Regr e s s i on o f Y on X
SSE = SUm of Squares due t o Erro r
The Residual Sum o f Squa res (SSE) measures t he vari -
ab i li ty i n t he responses tha t cannot be attributed t o the
r e s pons e s a l l f all i n g on t he f i tted reg ress ion l ine . I f the
regression line gives a "qood" f it , the va lue of SSE would be
ve ry small compa r ed t o t he va lue o f SSR. A l arge r es idual
var iat ion, SSE, may mean t hat t he res i dual s are l arge an d the
fit of the p redict ion equation to the observed da ta is poor .
In s imilar fashion , a sma ll value f o r SSR may mean the
predictor va r iable i s of li t tle use i n p r edicting t he
r e sp ons e ,165
The Sum of Squares due t o Reg ression an d the Sum of
Sq uares due t o Error a re co ntained in Tab l e 34 , Summary of
output from regression procedure , for both l e vels of t he
wea t he r co nd ! tion f a c t or .
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I n bo th ca ses t he va lu e of SSE is much larger than t he
va lue of SSR, although f or t he fa i r we ather c as e t he res ult s
a r e marg i nally bette r . Howeve r, t he magnitude of th e
dif fe r e nces between t he SSE a nd th e SSR i s s uch t hat, in both
ins tances i t can be co nc lu ded t hat the c a l c ul ated reg r ess ion
line does not yield a sta t h: t ically " good" fit t o the obse rved
data .
7 ~ S . 2 Analysis of variance
The parti tioning of the total va riat ion enables th e
t esting of t he f Ollowin g hypothesis:
Ho : B eq ua ls 0 Ha : B does no t e qu al 0
This amounts to t esting the null hypothe sis of no linear
re lationship between t he pr edictor variable a nd the r esponse
ag ainst the a l te r native o f s uc h a r elationship . This test
may be referred t o as t esting the significance of the
reg ress ion r elationship .166
The calculated P-statist ics fo r bo t h levels of t he
weather f actor are conta ined in Tabl e 34 , Summary of output
f ro m r egres sion pr oce dur e . In both cases, there i s a h i ghl y
s i gn if ican t a cce pt anc e level for the alternative hypothes is.
In o t her wor ds, there is s trong indication that a linear
relation ship exi s ts between the predictor var iab l e an d t he
r esp on se .
Fo r t he fair weather c ondition, the level of s i gn if i c a nce
i s n. For poor weather it is 2 . 2'_
197
Thes e l evels of significance see m to indicate that
withou t a doubt a statistica l ly f i.gnif ican t linear r ela t i on-
s hi p e xists , pa r ticular ly i n the case of t he fair weather
s cena rio.
7 ~5~3 Analyzing the s t a nda r d error of the estimate
The f a c t that fo r any population of observations ,
virt ua lly 90\ o r more o f t he popula tion lies wit hi n t hr e e
s tandard dev ia tions of t he popUlation mean can be us ed to give
a better i de a of how a c cu r a t ely t he pred iction equat ion can
be ex pected t o perf or m. For a f i t ted model , a r e spons e t hat
i s p redict ed f or a specif ic value of t he i ndepen dent va riable
should not be considered a prec ise estimate . The true
r espon s e ca n c rudely be expec ted to lie wi thin t h r ee s tandard
deviat io ns o r s tandard e r ro rs o f the predicted r e spons e. 167
Th e s tandard e r rors calculated by the reg ression
p roced ur e a r e con t a in ed in Ta b le 34, Summary of output from
r e gr e s s i on procedur e . The s tanda rd erro r of the estimate
under f air weather cond i tions i s 0. 61 3 seconds , a nd under poor
weather cond i tions , which are s light ly more var i able, i s 0 . 61 5
s econ ds .
Th re e s t and a r d erro r s in bo t h cases i s appr oximately 1. 84
secon ds, me a ning that t here i s a r an ge of 3 ~68 seconds a rou nd
the predicted values of he ad ways whe n appr oac h gradient is
us ed a s the pr edictor variab l e. This i ndicates that the re is
reason t o doubt th e abili ty of the mode l that has been
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specified t o a cc ur a t e l y predict needveye ,
1.5•• Coe fficient of de termi na tion
The coefficient of determination, R-Square, i s a meas ure
o f the a s sociation between two va riables . It is h(~ lpful when
attempting to determine or quantify in some form t he s t r e ng t h
o f a re l a tionship be t ween two va r iabl es.
Although it is actually the square of Pearson ' s r , a
comput a tiona l simplification makes it possible to define
a -square as
a - s quare =: SSR/ (SSR + SSE)
In t h i s form , R-Squ are can be seen to be the pr op ortion of
the adjusted va ria tion in the re sponses that is attributed t o
the est imated regression l i ne . If the residual s are sma l l ,
then a-square appr oac hes a va lue of 1.0. If the r e s i dua l s are
l arge , then R-Square approaches a va l ue of a . 168
The va l ues of R-Square fo r the reg ressions performed
under both f a ir and poor weather conditions are also contained
in Tabl e 34, Summary of output from re gr ession pr oc edure.
The coefficient of determinat ion f or the fai r weather
c a s e indicates t ha t only 0 .38% of the variability of the
responses ca n be attributed to the r egres s i on of headway on
gradient . Similarly, a negligible 0 .07% of the variability
c a n be ass igned to the regression under poor weather
conditions . Such s ma ll va l ues of n- aqua re i n e qua tions that
a re t o be used to make predictions a re ceur oa for concern .
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• ••• the c oe fficient of dete rminati on [isl one of the most
important of the adequacy of prediction
equ ations •• •before co nfide nce can be placed i n p r ediction s
from a fitted mode l , n-scue r e mus t be con side red s uff ic i e n t l y
l arge by the da t a a na l ys t. A l arge value o f a-sqce r e does no t
ne cessarily guarantee accurate prediction l • • • J bu t i t s ho ul d
be required bef o r e undue c la ims a re made ab out the Cit t ed
mode l . 169
Obviously, the va l ues of a-square that have be en
calcu lated in this ex pe ri ment indicate that the p r ediction
equat i ons tha t hav e been produced by the regression of headway
on approach g r ad i e nt un der both f air an d poo r weather
conditions a r e no t a ble t o p rodu ce ac cu ra te p r edictions of
headway . I n the case of poor wea ther conditions , 99.93% of
t he variability is stil l l e f t un ex plained. The resu lts arc
n ot much better i n t he f air weather c ase where 99 .62% o f the
var iability remai ns unaccount ed f o r .
1.5.5 Co nc luding d i scussion on measu r e s of fi t
It is apparent f rom the preceding sections t ha t the
prediction equations that have bee n gene r a ted du ring the
r e gre s s i on analysis are not capable of accurately predicting
vehicular headways. The v a ri a bil ity in the re sponses that
c an no t be at t r i but e d to the r e sp ons e s all f al lin g on t he
regression line (SSE) is much l a r ge r t ha n that which i s
accounted for by the regr e s sion o f headway on gr adient (SSR),
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ene r e a re l arge s tanda rd e r r or s of t he es timate onder both
fa i r and po o r l e vels of th e weather f actor indicating a wi de
variabil i ty in the r a nge o f pred icted responses a t anyone
value of t he predic to r variable , a nd t he coeff i cient of
de termina tion , R-SqUAr'e , is ver' y small f o r' both levels of t he
wea t her' factor , rei nforcing the f act t ha t l i tt le of t he
va riabil i ty of t he r e spons e s ca n be accounted fo r by t he
reg ression of headway on gradient .
Howe ver, the a na lysis of va riance s ub-proced ure in the
reg ression procedure does indicate at a h ighly s ignif icant
leve l t hat a line a r r elations h i p be t ween hea dway and gradie n t
does i n fac t exist . The s e conclus ions a ppear t o be
con t r ad ictory . The refo r e , be f o re a ttempt ing fu rther dis-
cuss ion on t h i s a pparent co n t r ad i ction, it may be pr-udent; to
exam ine the assumpt ions upo n which the reg ress ion procedure
is based to en s ure that the model , a s sp ecified , i s actual ly
valid so that the i nf e r e nce s t hat ar e drawn about t he mode l
7.6 Ass umptions of regression
The essentia l p ro blem of re gres s i on is t o f i nd the most
s uitab le f o r m of eq uat ion t o p redict one var iabl e from t he
va l ues of one , o r more , ot he r var i abl es . This in volve s
es timating the unk nown pa r ameters of the r egres sion eq uation .
When cer ta in co nd i t io ns exist, t he pa rameters est i mot ed by the
least squa res met hod are t he ma xi mum likelihood es t ima t es . l 7B
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These conditions are:
1. p redictor var iabl es a r e nonstoch as tic and a r e measur ed
without e r zo r ,
2 . the model is co rrectly specified,
3 . model er ror t erms have zero means , Eir e uncor related and
ha ve constant var i enc es , and
4 . model error terms f ollow a Normal probabil ity distrib-
ution. I7l
If these conditions ex is t t he leas t square s me t hod will l e ad
to optimum est i ma t e s of the unknown paramet ers .17 2
It s hould be noted th at the l ast two ass umpt ions are
identica l t o the a s su mptions ma de a bo ut t he ma t hematica l mod e l
for c ompa r a t i ve experiments. In fact , these same aeeu nce t cn e
apply to many mode ls used in s t a t i s t ical a nalysis . l7 3
7 e 7 Verification of IlIssumptions by analysis of residuals
7 e7 el Ass umption that p redicto r va riables are non s t c c hast i c
The assumption that the pr e di c to r variables are
nons t oc ha s t ic a nd ar e unde r the control of the data analyst
implies that t he ,;" n 'il ys t can exactly record t he val ue of all
predictor var iables in the da t a ba s e . 174
As was discussed in detail in Chapter Thr ee, Se l e c tion
of study intersections , con siderable care ....as take n when
selecting the intersection approaches upon which data was
collected to neut ralize all but t he factors of i nt e r es t . The
five approaches t hat ....ere fi na lly selected had g r a dien ts that
2.2
were recorded with suff icient exactnes s t o en s ur e t ha t no biAB
was incurred .
Therefore, the assumption t:.hat t he predic to r va riables
ar e not randa ll and are un der the control of t he data a nalyst
is valid .
7.7.2 AsBu.ption t hat t he IIOdel i. correctly specifi ed
The as su mption that the mode l i s correctly specified
states that the model is functionally c orrect, that all
relevant predictor va ria b l es a re i ncluded in the mode l a nd
t hat, apart from random error, the exact fo rm of t he
r e lations h i p between response an d pr e d i c t o r var iabl e is
kn own . 175
Model miss pecification wil l obviously r esult in poorly
esti lllated re gression parameters . However , detect in g model
misspe c i fi ca tion is not an easy task . A numbe r of useful
q uphic a l t echn i ques employi ng a n an alysis of residuals t o
de t ec t Rlode l mi s sp ec lfica tion do exist .
From the definition of residuals, it c an be s hown that
the correlation between the r e s i dua l s an d the predictor
variable is zero. Hence , there should be no dis c e r nabl e t rend
in t he plot of [ e s i dua l s ve r aua the predictor , only a random
scatte r of points about the line : res idual • 0. 176
Standardized scat terplots of t he r esidu als ve rs us t he
p redic to r variable , gradient , a re contllined in Figu res 42 And
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Figure 42 Standardized s c at t e rp l ot of residual s
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Figu r e 43 Stand a r dize d s c a t t e rp lot o f re s idua ls
p re d i c to r va ri ab l e f o r poo r weather c ondi tion
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pl ot contains a trend t hat migh t i ndi cate t hat the e r ro r
va riances a re not homogeneous o r that some t ype o f
transformation i s ne e de d (wedge-shaped plots) , nor does ei the r
plot hav e a cu rv ilinear trend indicative of t he need for e
higher powe r t erm i n the prediction equation. Both plots
appear r a ndomly scattered a long a horizontal ba nd i nd i cat i ve
of co rrect mode l specification. Howeve r , in bo th plo ts ,
s lightly more t han one-half of the poi n t s fa l l below t he line
on whi c h t he residuals equal ze ro .
Nevertheless, the plots conta ined i n Figures 42 and 43
indicate t hat the r e gr es sion model do es not appea r t o have
been gro ssly misspecif i ed .
7 ..7 ..3 Assumption of zero s een
The checking of the l ast two assumptions abou t the
mode l 's error t e r ms i nc ludes determining whe the r the e rrors
a re co rrela ted, have th e same co ns tant va r i a nce , ha ve zero
mean and are Normally dis t r i buted . Beca use t he r esiouals ,
"are multiples of th e e rror terms, t hey [the r e s i duals] sho u l d
good i ndic at or s o f violations of t he s e
ass umptions . ,,177 wi th this i n mind t he r esidua ls are analyzed
in detail in t he fo llowing sections .
"Fo r r egres s i on models c ontain in g i nterc ep t t e r ms [the
as s umption t hat the error t erms have ze r o means} i s not a t
a ll r e s tr ictive sinc e mode l s o f the f or m
Y"' A +BX +E
,,,
where "E" has a population mean, d , not equal to zero can
always be rewritten as
Y := (A + d) + ax + (E - d) •
The ar r or term (E - d) has mean zero . This model i s
indist inguishable from t he usual linear regression model in
which the assumption of zero nean is valid. Hence , the t wo
models are equivalent an d one can a lways assume t.he errors
have mean zero when regress ion models are specified with
constant terms. ,,178
Because the r e gr e s sion mode l t ha t has been specified does
have a n in te rcept t erm, t he assumpt ion that the er ro r t e r ms
have zero mean can be accepted as valid. This is confi rmed
by examination of Tables 35 a nd 36, Residual statistics
r eauLbLnq f r om regression of headway on gradient under fair
and poo r weather co nditions respectively , which shows that in
both cases eha mean of the resid ua ls i s zero.
7 .7.4 Ass umpt io ns that e r ror t erms a r e uncorre~ated
The assumption that t he e r ror t erms are uncor re lated
means t ha t the errors a re independent o f one anothe r , t hat
the magni tude of the e rro r for one respons e does not affect
the magni tude of t he error of any other response.
Generally , i t can be said that , "da tabases compiled
from • •• random samples of popUlations c an of ten be assumed t o
have unco r r elat ed errols . ,,179 This is r e i t e rat ed by Davies
who notes tha t , "the arti ficial int r oduction of a chance
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Table 3S Res i dual s t at isti c s re sulting f ro m reg r ess io n of
headway on g rad ient unde r f a ir weathe r condition
~ IIl:Jm
pr edic ted 1. 86
veLue
s tanda rd ized 1'.1' 1'
p r edicted
va l ue
r e sidual 1'.1' ''
st mda rdized 1'.013
r e s I duaj,
s tuden t ized 0.011
r e sidual
2.'
Table 36 Residua l s ta tis t ics resulting from reg ress ion of
headway on grad ient unde r poor weat h e r condi t ion
~ IWlIl
p red icted 1. 89
value
s tandardized 0 . 01'
p redicted
value
re sidua l IILBB
s tandardized B.BI1I
residua l
s t udentlzed 111 .""
re s idual
2••
co mponent by alloc ating the t reatment s at random makes i t
app ropr iate to a na l y ze the da ta as though t he errors were
i ndependent • • 1BB
A random s allple of one hundred and t ....en t y consecutive
residuals wa s eXi!llli ne d f o r a ny patterns that mi ght exist. A
sample of t his size ....a s arbi trarily select ed fo r e xami na t io n
because of t he c ueb e r ecne sizes of t he da taba s es for poor and
fai r weather conditions. The r e s ults of this ana lysis
contained i n Appendix I{ , Exa miu:.t i on o f r esidu als for
au toco r relat ion a f te r fi rs t re gr ession procedu re .
The r esults in dicate that the e r ro r terms a r e uncorre-
l ated a nd t hat, t herefor e , t his ass umpt ion i s va l id.
7.7 .5 Assumpt ion of constant varianc e
The assumption that al l e rror terms have t he same
variance ....ill a utomatically be t rue if the e r r o r s are
independent observat i ons from the same popu l ation . l Bl As t he
results of t he p revious section i nd icated that t he error s a r e
in f act i ndepen de nt i t fo llows t ha t the va riance is co nstant .
Howe ve r , a l thouqh variances t hat a re not constan t do not
b i as the es timate s o f the r eg r e ssion co efficients , t he y do
bias the es t ima tes of the sta nda rd e rro rs of t he coef ficien t s ,
r esulting in biased t ests of hypothes e s abo ut t hos e regr es s i on
c oe fficients . Beca use of this a n exami nation of the plot of
res iduals agains t predicted values wa s unde r t a ken t o do ubly
ens ur e that he teroscedast ici ty doe s not exist . I B2
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'l'hese p lo ts are contained J n Fi gu res 44 an d 45 , Plot of
s tanda rd ized r esidu a l s ve rs us s tanda r d ized p red icted value s
of he adway , f air and p oor wea ther condit i ons r e spectively .
The f ac t that t he po in ts in t hese plots lie r oug hly in a
hori zontal ba nd i s proo f t hat t he va r iances are not
he te ros c edastic an d t ha t the ass umpt ion of constant va r La nce
is va l i d . I B3 Th is conclus i on c a n be reached because the
co rrelat ion coefficient be t ween t he residua ls and t he
p redicted va l ues is a lways ze ro for predic t ion equations wit h
i ntercepts , meaning t ha t a ny plot of res idua ls ve rsus
pred icted values sho ul d reflec t a ra ndom s catt e r of points
about a line wi th ze ro s lope as Fi gur e s 44 and 45 do . 184
7 . 7.6 Assumption of Normality
The assumpt ion that t he error t e r ms are Nor mally
d istributed is the basis f or the t ests of hypothesis tha t f or m
pa r t o f the re gre ssion a na lysis. Normality of the
dist ribu tion of t he errors i s requ i re d f o r the s ignificance
tests which usu a lly f ollow the l e a s t squares f itting
proc edure .185
One method of c hecking the validi t y of t he Normality
ass umption i s t o plot the residua ls as a h i s togr a m whi ch can
t hen be exam ined t o check that the r e s i dual d ist r ibution "
' l o oks ' approx imately Normal" . 186 Figu r e s 46 and 47 co ntain
his tograms of t he standardized residuals for fa i r and poo r
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Fi9ure 44 Standardized residuals versus standardized predicted
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Figure 45 Standard ized residua ls ve rsus s tandardlzed predicted
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Figure 46 Histogram of t he standardized residua l s for fair























Fiqure 47 Histogram of the standa rdized r e s i dua l s f or po o r
weathe r condi t io n
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indicates t h at the di st ributions in both cases a r e s ke we d as
wer e the original headway di s tr1bution s . However , Davies
notes that t ests of significance are not ver y sens it i ve t o
departur es from No rmality, especially if t he sampl e size i s
large . l 87
This i s furt her c onf i rmed by Gunst and Ma s on who note
that the assu mption t hat the res iduals a re No r mally dis-
tributed i s d iff i c ult to gua r an tee an d that, "v i o l a tions o f
t hi s assumpti on ma y not be r e adi l y detec table . Fortunately ,
such violations o ften do no t se r i o us l y af f ect the probabil i ty
d istributions of the l ea st s quares estimator s or in f erences
mad e for t hese probabil ity d ist rib utions . IS S
However, t he s kew of the f r e que nc y his tog r ams i n Figu r e s
46 and 47 may be outs ide t ole r a ble l evels . This ob s e r va tion
is given f ur the r weight when the t{ormal p ro bability p lot s o f
the s tanda rd i zed r esidua l a r e ex a mined . The se plots a re
included as Fi gu res 48 an d 49. Fo r Normally distributed
r es i duals, the plot s s hou ld f ollow s t ra i ght lines dr a ....n from
corner t o c orner on t he p l ot s. The pc obabili t y plots f or both
weat her conditions s ta r t below the theoretica l line but t he n
quickly climb above i t in a s yst ematic a -sh epe ,
This trend in t he Normal prObability p l ots indicates that
t he res idua ls a r e not Normally dis t ribut ed .
Therefore, it: a ppea rs that the a s sumption t hat the e r r o r
t erm s are Normally dis t r ibuted i s not valid fo r t he model






pig ure 48 Nor mal pr obab ility pl ot of th e s t anda rdized residua l









Figure 49 Normal p robab il ity plot of the standardized residua l
fo r poor wea t he r co ncHtion
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r esul t s of t he significance t ests t ha t form part of t he
regr e s s i on analysis will not be va lid.
A l ac k of Norma li ty can also distort t he magnitude of
t he residuals whi c h will l e ad to poorly estimated model
coefficients . 189 This dis to rtion of t he r e s i dua l s has
occ urred as can be seen from an examination of Figures 50 and
51,
Thes e figures contain casewise p lots of the s tanda rdized
r es i du a l s that have an absolute va lue g reater than three . For
both fa i r and poor weathe r conditions all t h e r e s i duals that
meet this condition are positive . This i s a di r ec t result of
the l o ng positive tail of the skewed dist r ibutions of the
standardized r esidu als contained in Figures 46 and 47.
It will be recal1ed tha t i n Chapter Six, Analysis of
headwa y da ta, Section 6 .3.3. 3 , Ass umption that errors a re
Normal ly distr ibuted , i t was concluded t ha t t h e dev iation from
Normali ty th at wa s ev ident in Figure 37, Distribution of
residuals af te r first ANOVA procedure , was no t l a rge enough
to s ignificantly affect t he inferences being drawn regard i ng
whi ch of the f a c t or s being stud ied significant ly affected t he
r espons e var iable of headway.
Howeve r , th e appa r e nt dilemma that was discussed in
Sec tion 7 .5.5 , Conc l uding disc ussion on meas u res o f fi t , wher e
the variabili ty i n the r espons e s due to the reg ression of
headway on gradien t and the va l ue o f t he ...:oefficien t of






Pi qure 58 Casewise plot of the s tandardized res i dual s th at







Pi gure 51 cee ev t ee plot o f t he s ta nda rd i ze d ce s i dual s t hat
hav e abs olute va l ue gre ater t han th ree f oe poor wea th er
c ondit i on
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of the analysis of variance sub-procedure i n the regression
p rocedure , t ha t a highly significant line a r relationsh ip did
in fact ex ist between headway a nd gradient , has resulted in
a more careful examinat ion of whether the assumptions upon
wh ich r e gr e s sion is based are valid. This reexamina tion has
led t o t he conclusion t ha t the r equi r ement of Normali ty of
the distribution of the residuals is not met .
Acco rdingly , t o b ring t he da t aba s e more i n lin e wi th the
r e qui r e d assumption of Normali ty, the data wi ll have to be
t r ans f ormed in some manner 50 that its distribution more
c losely follows the Normal distribution .
222
CHAPTER EIGHT
8 ..8 TRANSFORJIATIOR OF THE DATA
8 ..1 Introduction
The assumpt i ons upon whi ch t he l i ne a r r egr e s s i on model
i s based ha ve been discussed i n the preceding Chap ter . If it
is not poaa Ib I e to sa t isfy t hes e r e quireme nt s in the or i gi na l
scale of measuremen t of t he r es ponse, as has been i nd i c a t ed,
it may be t ha t there i s a t r a nsfor mat ion of t he res pons e t ha t
wi ll y ield t he required satisfaction of t he assumptions .19~
As Davies notes, it is a fac t of e xperimenta l des i gn
t hat, " data are not a lways r ec or de d i n the form most su itable
for statistical analys is " . 191 Continuing in a similar vein i n
anothe r of hi s tex t s, Stat ] stical Meth od s in Ruearch and
~, he s tates that , "occas ional ly it wil l be found
t hat a dis t ri but io n depar ts s o fa r f rom Normali ty t.he t; i t
would not be safe to a pp ly t he common s ta tis t ical t es t s, and
i t would be a great advantage if, by a s imple tra ns f o t mation
of the va tiable , an app ro x ima tely Normal dist r ibut ion cou ld
be obtaine d. "192
This Chap te r det a ils the t r ans f or mat i on of the co llected
data so that its fre qu ency distr ib ution mor e c losely fo llows
t he Normal dist r ibu t ion .
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8 .2 'l'ransforllation of the da ta
The f requency distribution of t he response i n t his
experiment, vehicle discharge beaev ay e , is contained in Fig u r e
52 , Freque ncy dist ribution of the respons e variable . This
figu re indicates that t he distribution of t he reco rded data
is positively s ke wed . This phenomenon i s no t unexpec ted .
· Skewne s s f requent ly oc curs when t h e r e is so me natura l
limita t ion o r va r i a t i on which f or es hor t ens the dis tribution
c ur ve in one direct ion . wl 93 There is obvious ly a physica l
limita t i on involve d when dealing .... i th vehic l e he adways under
no r mal op e ra ting c ondit i on s , in t hat beyon d a ce r t ain limit
dr ivers in traffic will not f ollow t he preceding ca r any
c lose r t ha n what they cons ider t o be a e a r e follo wing
dis tan c e . Thi s characteristic sets t he limit on the peaked ,
foresho r tened side of t he skewed distributio n. The long ta il
of the dis tribution c an be explained by the presence i n an y
s t r eam of traffic of a number of d r ivers who f e e l ec r e
c omfor table with a larger than usua l f o llowi ng d is tance
headway.
As mentioned , it is obv ious f r olll visual inspect i on o f
Figure 52 tha t t he dis tri bution i s po s it i ve l y s ke we d . This
is confi rmed by t he v al ue of the coefficient of s ke wness at
1 . 3 87 . The c oeffi cient of s ke wness i s t he s t anda r d ized th i rd
moment of the paren t d is t ri b ut i on . Th e t h i r d momen t de notes
t h e mea n va l ue of the c ubes of de v ia t i on s from t he mean. For




pigure 52 Frequency d istr ibution of t he re spon se variable
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d istribution , posit ive and ne gat iv e cubes cance l and t he
coeffic ient of s kewness i s ze ro . When t he l ong t ail of the
distribu tion i s i n th e d i re ction of posi t i ve val ues t he
po sitive c ube s out weigh the nega tive c ubes , t he c oeff ici en t
is positive and t he di stribution is said t o be pos i ti ve i-y
s kewed .
I n addit i on to be i ng skewed , t he freque ncy di s t ribu tion
als o ex h ib i ts a signif ican t deg ree of kur t osis . The
coefficien t of ku r t os is i s g iv en by t he s tanda rd ized fo urth
moment o f the paren t d is tributiun where the f ou rth moment i s
t he mean va lue of the fo urt h po wers of dev iations fr om the
Fo r t he No rmal di stribut i on, th e co ef f i c ien t of
ku rtos is i s ze ro . When the c oeffici en t i s l e s s than ze ro the
dis t ribution has shor te r tails and squarer shoulders tha n th e
Normal distri but i on . whe n t he coeffic ient o f k ur tos is i s
greater t han zero the distribution has l ong tails and i s more
s ha r pl y peaked t han the Normal distribution and i s said to be
l eptokurtic. The c oeff i c i en t o f kurtos is f or the f r e quen cy
d i str i bution of re corded hea d ways i s 4. 245 and it i s conc luded
that t he dis t r i but ion displays ma rked leptok urtosis.194
In an attempt to t ra ns fo r m the recorded headway da ta to
bring i t s dis t ribution more in l i ne wi th th e r e quirement of
Normality, fou r separate trans fo rmations were performed on
the reco rded da t aba s e using t he SPSS "comput-e " pr oc edu r e.
Thes e transformations were :
l.inve r s e t r ansfo r mation
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z veque re d transformation
3 .square root t r a ns f o r ma t i on , and
4 . l oga r ithmic t~,,'5 formatiOll .
The frequency distributions fo r t he t r a ns f o rmed databases are
contained in Figures 53 to 56 .
For i ns pec t i on and compa rison purposes Tab le 37 contains
the va lues of t he coefficients of s kewness and kurtosis for
the four transformations.
From Table 37 it can be seen that the in verse and squa re
t r an s f o r mations result in dis tributions that have higher
coefficien ts of skewness and kur tosis t han the observed
dis tribution. Of the t wo remaining transformations which ha ve
va lues of these coefficients less than the observed , the
square root and l oga r i t hmi c, t he logari thmic transfo rmat ion
produces a frequency dis tribut ion containing the lowest values
for the coefficients of skewness and ku rtosis .
Plots of the cumulative f requencies fo r the observed
distribution and for t he four t r ans f o rmed dis tributions are
contained in Fi gur e s 57 to 61. These p lots are on probability
scale pape r . A plo t of the f requencies associated with the
Normal distribution on such paper wil l result i n a straight
line . Inspection of Figure 57, Cumulative frequency of the
ob served data, reaff irms the conclusion that the distribution
of that da ta is no t Normal. Similarly, the probability plots
fo r the d i s t r i butions of t he da ta after t he i nverse and square
transformations , Figures 58 and 59 respectively, i ndicate that
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Fi gure 53 Frequency distribution of t he inverse t ran s f or med
da t r .... •
22.












s d ~ ~ d
(-pll_"g'U)
J.DtGnQ3~
Fig'Jt:e 55 Fre quency distribut i on o f th e sq ua re root
transfor med database
".
Fi gure 56 Fr e que ncy distribution of the l ogarithm t rans f ormed
database
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Table 37 ccepa eracn of measu res of s ke wne s s of f requency
distdbutions for transformed databas es
t rans f ormat i on w:.n.n ~
observed 1.3 87 4.245
inverse 1. 406 9. 179
squared 4 . 079 48 .66
sq ua re roo t '1. 741 1 .1 99
loga rit hmi c 0 .1 87 0 . 451
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INVERSE OF HEAOWAY
Fi gure 58 Plo t o f cu reuLe t iv e f requencies f o r t he inverse
t ransfor med dist ribut ion
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Figure 57 Plo t of cu mulative f r e quenc i e s f o r the obs e rved
di st ri bution
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SQUARE OF HEADWAY
Figure 5 9 plot of cumulative f requencie s f or t he s quare d
t r ans f o rmed di stribution
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those distributions are a lso not Normal. The probabil ity p lo t
of the C1 ist cibution of the :lata ar t e r the square r oot
transformat ion . Fig u re 60, i s s lightly more linear than the
three previ ous l y discussed plots , bu t the most line a r plot is
that o f t he d istribution of the data after the logarithmic
t ransformat ion, contained i n Figu re 61.
Therefo re , t he logari thm ic transformation of t he observed
da ta was used to br ing t h e d is tribution 1n line with the
requ irement of Normali ty .
The ana lys is of variance p roced ure a nd the regression
procedure were then performed on the transformed dauebeae ,


















SQUARE ROOT OF HEADWAY
Figure 68 pl ot o f cumulative f re quencie s for t he sq uare root
transformed di stribut i on
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LOGARITHM OF HEADWAY
Fi gure 61 Pl ot of c umul a t i ve f requenci e s for t he l oga ri t hn,
t ra ns formed cHs t r i but i on
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CHAPTBR NINE
9.8 ANALYSIS OF 'rUB TRANSFORMBD DATABASB
9.1 I nt r od uc tion
The da tabase that r es ul t ed from ebe t ra nsfo rmation of
the original da ta as discussed in the preceding Chap te r
analyzed i n a fashion simi la r t o the analysi s tha t was
conducted on the original da tabase.
In th is Chapter, t he An a l ysis o f Var ianc e tec hnique i s
used t o t es t the various nu ll h}l~otheses that were or i ginally
postulated. The as sumptions that were made regarding the
ma t he mat i c a l model are retested using the transformed
da tabase.
The follow-up procedures for analysis of the transformed
database, includ ing graphica l and r e gr es s i on t ec hn i que s , are
discus sed. The r es u l ts of the analysis of t he transfo rmed
database and follow-up procedures are a lso d i s c us s ed.
9. 2 Analys i s of the tran sfo rmed data base
As i n the analysis of t he orig inal da t aba s e , the SPSS/X
so ftware package was used to perfo rm the analysis of var iance
p rocedu re on t he t ransformed da tabase . The ou tput from t hi s
procedure i s in cluded as Appendix L, Output from ANOVA
procedure of SPSS/x s o f t wa r e on t r a ns f o r med da t a ba s e.
summary of t he resul ts contained in t his ou tput is inc luded
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i n Tab le 38, Summary of output from ANOVA procedure on
transformed database.
The results contained i n Table 38 are s Inu Le r to t ho s e
obta ined after the initial ana lysis o f variance was per -
form ed . Again , the mai n e ffects of app roac h grad ien t , weather
condit ions a nd queue posi t i on a re a ll significant a t t he 1%
leve l . Ho....ever, because t he re i s a sig nifican t In t e r a c t Lon
between the f ac t or s of approa ch q r ed Ien t; a nd we a t her
c ond i tions , t h e main effec ts cease to h ave much meaning by
t hemse lves . As before , t he effect of approach gradient
ve hicle disc ha rg e headway must be exam ined a t each lev e l of
t he we a t h e r c ondition factor .
9 . 3 Ver i f i cation of t he f a c toa=1al ezper i men t mode l
a s sumpt i ons
Th e assumptions upon whi c h the factoria l exper i ment's
mathematica l mode l is bas ed have t o be ve rif i ed before t he
i nferenc es t hat have been d r awn can be accepted . These
as s umpt i ons a r e d es cr i bed i n Sec t ion 6 . 3 .3 , and are repea ted
here f o r co nvenience :
1. add itivi ty
2. i nde pendent errors
3 . homogeneous error va r iances , and
4 . No rmally d istribut ed e rrors.
The firs t assumpt ion , th" t of addit ivity , says tha t the
value o f t he response va r iable i s eq ua l to a q uan tity
2••
Tabl e 38 Summary of output from ANOVA procedure on transformed
database
sou r ce of ca lc . t ab ulated r e mark s
UWlti2n <I.L L......_ ~
gradien t 12. 327 3 .32 significant
weather 9.534 6.63 significant
posi tion 11 4 .139 2 .25 significant
grad ient/ 6.956 3 .32 s i gnif icant
weather
gradien t / 44 1.466 1. 57 not significant
position
weather / 11 2. 036 2 .25 not significant
position




dep en d ing on t he ex pe rimen tal condit ions a nd the ex perimenta l
unit p lus a quantity de pe nd i ng on t he t r ea t ment us ed . This
i s us ua l ly co nsidered a r ea s on a ble assumption to make . 195
The second assumption , t ha t of independen t errors, says
t hat t he r e is no correlation o f e rro r t e r ms, t ha t t he v a Lne
of any e r ro r t e r m i s not influenced by t he val ue of any other
error t erm. This assumption wa s ch e ck ed by means of a visua l
i nspe c ti on c onduc tecl on a n exce rp t of e r ro r te rms f ran, t he
r esidual database . The r e s ults, contai ned in Appendi x M,
Exce rpt f rom data base of residua ls resu lting f rom ANOVA
procedure on transfo rmed database , ind i cat e t ha t the residual
signs are tandomly ordered and that t he re is no co rrelation
between e r r o r t e r ms .
The third ass umption , of homogeneo us error variances,
s ays t ha t t h e popula tion variance for each gro up of cbee rv -
ations i s t he same. The ae:sumption of error variance
homoge nei ty wa s verified by means of Coc hran's Test. The
r es ul t s of t h i s test , con t a i ned i n Appen di x N, Cochran 's Test
f or variance homoge ne ity af te r da ta tra ns f or mation, i nd icate
t hat t he er ror va riances are h omoge ne ous . rber etcre , t he
t hird assumption made abou t t he mat hema tica l model i s va lid.
The four th, a nd final , ass umpt ion i s t ha t the erro r te rms
a re Nor mally distributed . A frequenc y d is tribution plot fo r
the e r ror t erm s is conta ined i n Figure 62 , Dist r ib ution of
residua ls af t er s e co nd ANOVA procedure . I t can be seen f r ora




















Fi gur e 62 Dist ribution of res id ua l s aft er second ANOVA
proce dure
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s ha pe t o consider t he four t h as su mption to be valid ,
es pecially i n ligh t of the r obustne s s o f t h e analysis of
varian ce t echnique to s ligh t dep a r t u res f rom Normal ity . 196
Therefore, it i s co nc luded that t he assumptions hold ,
tha t the mathema tical model used to perform the analysis of
variance t e c hn i que i s va lid and that t he inferences t hat have
been drawn r ega r d ing the results of t he ana lys is o f the
expe rimental data a r e s tatistical l y va lid.
It is now i n or de r to de te rmi ne wha t fu nctional
r elationship exists , if any, between the fac tors t hat hav e
been determined to significantly a ffect t he response
va riable . As after the i ni t i a l analysis of variance on the
original da tabase , these factors a re approach gradient in
i n teract ion with we athe r co ndit ions . The f unc tional
relat ionship wi ll be dete rmined through the reg ression of
headway on g ra d ient at each l eve l of the qualitative weather
facto r .
9 .4 Re gr e s s i on analysis of transformed database
As not ed in Section 7 . 3.1, it is often use fu l
pr elimina r y s tep t o plot the p red ictor va riables ag ains t the
r e spons e var i able to see i f the fo r m o f t he r e g r ession model
suggests i tse lf .
Figures 63 an d 64 con t a i n plots of app roach grad i ent
ve rs us the me a ns o f t he l ogarithms of headway f or f air and
poor weathe r c ondition s respective ly. The t re nds i n t hes e
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Figure 63 Plot of approach gradien t ver s us mean of the
l og a rithm of headway for fair weathe r c ondi t i on
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Fi gure 64 Plot of approach grad ient versus mean of t he
l oga ri t hm o f hea dway for poo r weatbe r con dition
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fiqu res are compa rable to t he trends in Fig ures 38 and 3 9.
Fo r t he fair weat her condi tion, with the exception of approach
71 west , the data points again li e rouqhLy in a straight l ine
hav i ng nega.t ive s lope . As before , fo r the poor weather
condi tion , t he da ta points exhibi t less of a line a r t r end than
is shown unde r f a i r we at he r conditions but there i s again a
s light negative slope to t he data .
Smoothing of t he data using the med ian smooth ing
t ec hni que di scussed i n Section 7 .3 . 2 results in the plots
contained in Figu res 6S and 66. The res ul ts after smoothing
indicate a linea r re lationship between approach gradient a nd
the logari t hm of headway . The da ta used t o p rod uce these
fi gu res is con tained in Tables 39 and 49 .
As discussed p reviously, t he linear model has t he form
Y .. AtBX +E
....here now, as a resu l t of t h e transformat ion , Y = l o ga rit hm
of headway . All o t h e r variables retain the descriptions
ass igned in Sec t ion 7 . 3 .3.
The regression procedu re of the SPSS/X s of t ware was us e d
to perform the r egre ssion of the t r ans f or med headway variab le
on approac h grad ient under both wea ther condi t ions. The
output from t hi s p roced ure is in clud ed in Appe ndix 0 , Output
from Regression procedu re o f SPSS/X software on t r a nsformed
database. A summary of the resu l ts con ta ined in t h i s outp u t





Fi gu re 65 plot of app roach gradient ve rsus mea n of the
l oga ri t hm of head way afte r smoothing techn ique - f a i r weat he r
c ond it i on
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Fi gu re 66 plot of app roach grad ient versus mean of t h e
l o gll r ithm o f headway a fte r s moo t h ing t ec hn i que - poor wea the r
c ondi t ion
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Table 39 Mean headaaya before and after data smoothing for
fair weather condition
f ail" smoo t he d
==snllint.~ ~
16 East +7 .2% 0.25 9.25
7 South +3.0% I' .26 0.26
71 West +0 .6% 0.29 0 . 27
7 North - 3 . 0% 0 .27 0.28
16 West - 7 . 2% 0.28 0 .28
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Table 48 Mean headways before and af ter data smo ot hi n g f or
p oo r we a t he r condition
poo r s moot he d
~~ b.~ llwll<ll
1 6 Ea s t +7 . 2\ 0.29 0.29
7 Sou t h +3 . 0\ 0 .26 0 .29
7 1 West +9 . 6% 9 .38 8 . 26
7 No r t h - 3 . 0 % 0. 26 9 .29
16 West - 7 . 2 \ 8 .29 0 .29
251
9.5 Analys i s of measures of fit
As wa s done wit h the reg ression outpu t fro m the i nit i al
p rocedure , prior to at t empt i ng to inte rpret t he prediction
eq ua tion , t he measures o f the adequac y of fit discussed in
Sect ions 7.5,1 t hr ough 7 , 5. 4 have t o be examined , 197
To exami ne the va r i abil i t y of the data t he Ad j us ted Tota l
Sum of Squares i s parti tioned i nto t he Sum of Squares due t o
Reg r ess i on ISSR) an d t he Sum o f Squares due Er ror (SSE).
The va lues of these paramete rs fo r both wea ther co ndit io ns are
con t a in ed in Tab l e 41 . In bo t h cases the val ue of the SSE i s
much la rge r t han the value of t he SSR, indicating t hat t he
calcu lated ce c r e es Ic n line does not yi eld a s tat i s tically
"good " f it to the observed da t a ,
The par t itioning of t he total varia tion also enables the
testing of the hypothes is t ha t the re i s no linear relat i ons hip
between the p r edic tor var iable and t he res ponse aga inst the
a lterna tive hypothes i s that such a rel at i on s hi p does exist , 198
The c a lcu l ated F-test statis t ics f o r bo t h weat he r co nditions
are conta i ned i n Table 41 . As after th e fi rst r e gr e s s i on
there is a s t r ong i ndi cation that a linear r e la tio ns h ip e x Is t.s
betw ee n the predi c to r and re sp ons e variables , par t icularl y
unde r f a i r weathe r cond i tions .
A t hi r d meas u re of fi t i nvolves ex amin i ng the standa rd
error o f the est i mat e which p ro vides a mean s o f che c ki ng ho w
accu rately the prop ose d predic tion equ a t i on can be e xpected
to per f o rm. Generall y , for a spe c if ic va lu e of t he i n-
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Table 41 Summary of output of regression of transfo rmed
da t a ba s e
~ fll.< =
R-square 0.0036 0 .0007
standard erro r 8 .13381 0.1328 4
F-test statistic 28.2815 5 . 46829
cons ta nt 1. 86688 1 . 89383
slope of
regress ion line - 0 .1 577 -0 . 013 2
SSE , sum of s quares
due to error 138 .632 138 .884
SSR, sum of squa res
due t o reg ression 0 .5 0636 0. 0965
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dependent variable, the true response can usual ly be expected
to fall wit hin three standard errors of the p r eddc t ed
response . The standard errors calculated as pa r t of the
regress ion procedure a re con tained i n Table 41. For both
weather conditions the standa rd e rror of the estimate is
approximately 0.13. Therefore , the re is a range of 11.78 unit s
around the predicted values where the t rue responses are
l ikely to be. This indicates that there i s reason t o doubt
the a bility of the model as specified to accurately predict
headways . 199
As noted prey iously , the coeff i c i ent o f de t.ersune t i on is
another usefu l measure of fi t when exantining a regression
prediction equation. Th is coefficient p r ov I d- a a measu re of
the s trength of a relationsh ip be tween t wo variables. The
values of the coefficient , a-equare , for the regress ions
per fo rmed under both fair and poo r wea ther conditions are a lso
contained in Tab le 41. The sma ll va lues of the coeffJcient
under both weathe r conditions indicate that ve ry little of the
variabil ity o f t he responses can be attributed to t he
r e gr es s i on o f the logari thm of headway on gradient. 1\s
befo re , such small va lues of t he coefficient of de t.e rmfnat Lcn
i n equations tha t are to be used to make predictions are
causes for c once r n . "A l a r ge value of a -square does not
necessarily guarantee accu rate prediction ( • • • J but i t should
be r equi r ed before undue cla ims a re made abo ut the fitted
model . ,,233
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From t he prec eding d iscussions it is appa re nt t ha t t he
paradox that ex isted af ter the ini tial regress ion procedure
s t i : 1 exists af ter the r egr es sion on the transformed
da tabase. Certa i n measures of f it i nd i ca t e that ve ry little
of t he va riabil ity of the responses is accoun ted for by t he
regression while t h e F-s t at istics i nd ica te at a h i g hl y
s ignificant leve l tha t a line ar re la tionship does ex ist
between the r e s pons e and predi ctor variables.
Befo r e d iscussing thes e r esults the va lid i t y o f t he
ass umptions upo n which t he r e gr e ssion p rocedur e i s based must
aga i n be ve ri f ied , t his time in t he context of t he second
reg re ssion . This will en sure t ha t the infe rences and
conc lusions t hat are drawn re gardi ng t he r e s ult s of th is
s ec ond r e g r e ssion a re s tatistica l ly so und.
9 .6 Re-verification of the a s sumptions of regression
The ass umptions t hat ensu re tha t ehc es timated parameters
o f t he r e gr e s sion equa tion are the maximum lik e lihood
• st ima t es we r e discussed i n a p rev ious sec t ion but a re
r e peated here fo r co nve n ience :
1 . the predictor ver iables are non stoc hastic and a r e
measu re d without e rror ,
2 . t h e mode l is co rrec t ly . -eo Lf Led ,
3 . mode l er r o r te rms ha ve zero mean s , art> unco r re lated
and ha ve cons tant va r iance , and
4. mode l er r or t e r ms f ollow a Nor mal p ro ba bi lity
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distr IbutLon , 201
The first assumption, that p re dictor variables a r e not
r andom and a re under the c ontrol of the dat a anal yst, i s
considered in Section 7.7 .1. In that s ection it was noted
tha t c onsiderable care was taken when se l ec t i ng inte rsect ion
ap proaches a s cand t da t ee f or dat a c o l lection a s d isc usse d i n
Chapt er Three , Selection of s t udy interse ctions . The
approac hes were selected in s uc h a manner that a l l but the
factors o f i n t e r e s t were neut ralized o r negated in some way .
'r berercre , the a ssum ption that t he predic tor va riables ar e
nonstochastic and are under t he a nalyst 's con trol is de emed
to be valid .
The second a s s umpt ion , that t he mode l i s correctly
specified, i s mor e difficult to verify . However , the re ar e
graphica l techniques that employ an a nalysis of re s i duals t o
detect mode l misspecif ication. One usefu l plot is t ha t of
r esidua ls versus the predic tor variable. Standardized
scatterplots of the residual s versus t he p r e d ic t o r va riable,
grad i ent, are contained in Fi gures 67 an d 66 f or f ai r and poo r
wea ther condit ions respectively . Neither of these p l ot s
c on tains a dlscernable trend, on ly a random scatter o f points
ab out the line; res idual = 0 . Th i s ind icates correct model
specification. 202
The thi rd a s s umpt i on of regression stat es that the model
error t e r ms mus t have zero means, be uncor r e l a t ed and ha ve
constant va riances.
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Figua::e 61 Stan dardized scatterpl ot of r ee Iduej. e
p r edi c to r variable for fair weather conClition
~57
· ••<3
•• • •• •••• -<1<1<1<1<1 ••• ••• •
· ·· ···<1<14<2<1 0::1· · · ·· ··
•• •• • •• •<1<1<1<1<1. • •• • • •
_ • • • - - - -<1<1<1<1<1- • •••




Fi9u r e 68 Standardized s c a t t e r pl ot o f residua l s
predic tor variable for poor weather co ndit i on
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As discussed in Section 7 .7.3, -For reg ress ion models
containing intercept terms ( the assumption t ha t the erro r
terms have zero means] is not at all r e a e r Ice rve .. .... 2~3 This
is confi rmed by examination of Tables 42 and 43 , Rei5i<luals
statistics resul ting from regression of l ogarithll' of headway
on gradient under f a i r and poor wea the r conditions
r es pect i vely. These t a bl e s s how that the mean of the
resid ua ls i s zero i n both cases.
The second part of t he t hi r d assumption , t hat model erro r
t e rms be unco r r eLatied , ca n ge nerally be ac c epted i f the
technique of randomiza tion is empjcyed in t he experimental
des ign and t he da t a co llection. 204 A visua l i nspection was
conduc ted on a r andom consecutive sample drawn f rom the
residua l da t aba s e . The results of t his analysis a re c on t a i ned
in Appendix P , Exami na tion of residuals for autocorrelation
af ter second r ee r eee Icn , The results i nd i c a t e t ha t t he error
t e rms are not co rre la ted . Therefore , t he assumption i s va lid.
The final par t of t he thi rd ass umption states t ha t t he
model error t erms have constant variance . Th i s assumpt io n
wi ll automatically be t r ue i f the e rro rs are independen t as
has just been shown.2~5 Thi s can be confi rmed by exam ining a
plot of r es i du a l s ve r sua pred icted va lues. Two suc h plots
a r e contained i n Figu res 69 a nd 7il fo r fair an d poor wea ther
con ditions r e s pe c t i ve l y . Fo r reasons no t ed in Sec tion 7.7.5,
the absence of any trend in these plots i ndi cate that the
variances a re no t hete r oscedastic and t hat t he assumption of
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Tab le 42 Residua l s tat istics r e s ult ing from reg ression of
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Figure 69 Plot of residuals versus predicted va l ue s f or f a i r
weat her conditions
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Tabl e 43 Residual statistics r es u l t i ng from regression of
logarithm of headway on gra d i e nt unde r poor weather cond ition
~ tIUn
p redicted 0. 26
va l ue
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Figure 78 Plot o f res iduals ve rs us predic t ed values for poor
wea the r conditions
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constant variance is valici. 2fil 6
The fourth assumption, that the model error terms follow
a Normal probability distribution, was found to be invalid
after the first regressions of headway on gradient under poor
and faic weather conditions. This conclusion resulted in the
transformation of the data and the second regression
procedure. The assumption of Normality is the basis for the
tests of hypothesis that form part of the regression
analysis . 2fil1 The assumption that the model error terms are
Normally distributed can be checked by e:l!' '''mining histogram
plots of the residuals . Figures 11 and 12 contain histograms
of the standardized residuals for fair and poor weather
conditions respectively . Examination of Figures 71 and 72
indicates that the distribution cf residuals closely
approximates the Normal distribution, much more so than the
distribution of residuals reSUlting from the initial
regression as shown in Figures 46 and 47 . Additionally, the
Normal probability plots of t he s tandardized residual
contained in Figures 73 and 74 are more linear than t he plots
~",sulting from t he initial regression which are contained in
Figures 48 and 49 . 'rbe r e r o r e , it is concluded that the final
assumption of regression is valid.
The foregoing sect tone have verified the assumptions upon
which least-squares estimation of reg ression parameters is
based . The results of t he regression analysis can now be
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Figure 71 Histo gra rn o f the s t anda rdized re s i dual s f o r fai r

























Figure 72 Histogram o f t he s tanda rd ized re siduals for poo r







Fi gure 73 Nor mal probabi lity plot of the standard ized res i dua l













Figu re 74 Normal probability plot of the standa rdized residua l
for poor weather condition
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a re the "be s t " estimates possible .
9.7 Discus sion of regres sion r esults
The r es ults of t he r eg r es s i on procedure o n the
t ransformed data appear to be con tradictory. As noted ,
despite t he tra nsfor ma tion of t he da ta , c e rte I n measures of
f i t c ont i nue to indicate that t he es timates o f the regression
parameters r es ult in prediction equations that account for
~ery little of t he variabil ity in the responses .
On the other ha nd, the F-statistics that have been
ca lculated as part of the regression p rocedur e s till i ndicate
t hat a s trong line a r r e lationship ex ists between t he r es pons e
varia ble o f l oga r ithm of headway a nd the predictor variable
of approach gradient .
It wa s initially t hou gh t t hat th i s appa rent co n tradict ion
migh t i ndicate a problem wi t h the model specification. It tree
be en not e d t ha t c o r r e c t mode l specif ication in a regression
analys is i nvolve s t wo impo rtant aspects . All relevan t
var iabl es mus t be c ontain ed in t h e da tabase a nd the proper
fun ctional form of each predictor mus t be defined in the
prediction equa t ion . 208
Wit h rega rds t o t he second aspect of model spec ification ,
it a ppea r s t ha t the linea r f o r m fo r the re lationsh ip is t he
co rrect f unctional fo r m i n light of the significan t
indication , t hrough t h e F- test, t hat a linear rela tions hip
doe s exis t be tween t he s e va r iables . The p rob lem 'tlith modeL
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misspecification wa s t hought to lie more with the f ac t that
a ll r e levant variables mig h t not be conta i ned in the
prediction equa tion .
I f th is was the case . t he n the r esidu a l s, "a re meaeu r I n q
t he variability a s s oc i a t ed with both the random error
c omponent and the p redictor variables erroneous ly l eft out of
t he specification of the mode l . ,,289
a eceuee of t he c ontrad i ctory r esult s described above , i t
was decided t o re -check t h e en t ire a na lys is i n an effort to
dete rmine if t he r.e were problems with ei t he r t he data or the
analysis t ha t might be causing the apparen t cont rad iction .
The results o f t hi s c heck are descri bed in the f ollo wi ng
chapter , Chapte r Ten, Checking Previous Ana lyses .
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CHAPTER TEN
lB .9 CHECltING PREVIOUS ANALYSES
18.1 Introduction
The an alyses de scribed i n p re c ed i ng c hap t e r s of this
t he s i s ha ve i ndica t ed what ap pears t o be a pa rado x of s o r ts ;
the regression p rocedures performed on both the or iginal and
t ra nsformed data base s have produced eq ua ti c:.ns with ve ry l ow
va l ues of t he coefficient of determi nat ion, i nd i ca t i ng no
line ar r ela t i ons hip be tween the variables of in t e r e s t.
d i s c ha r ge h ea dwa y and approach g r a di e nt , at t he same time t h~t
t h e F- tests performed as part of the regression proced ures
have i nd i cated t ha t a s ignificant linear r e La t Lcnuh i.p does
exis t between those variables .
Because of t he se c ont r ad i c t o r y result s , it has been
decide d to re -check t he p rev ious ana lyses i n an effort to
determine if t here were probl ems with e ithe r t he data o r the
a na lyses that might be caus i ng thi s appa re n t contradiction .
It was decided to pe r f o r m t he checking ana lys i s us i ng a
mic ro -compute r sof t ware package , SPSS -P C, simila r to t he
mainf ra me s ta tis t ica l softwa re , SPSSjx , that had be e n used t o
perfo rm the orig inal ana lyses. Data tran s f e r be t ween the two
sof tw a re pa ckages was readily pe rfo rmed be ca us e of the
s i mi larity i n form and func tion o f t h e two packages . The use
o f mi c r o - c omputer sof t ware made analysis a little eas ier
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chiefly by al lo\lling ready access to computing capabi lities .
11.2 Analys is of variance
The ANOVA procedure usi ng the micro-computer version of
SPSS/PC yielded exactly the same r e s ult s as the sPSS-X
mainf rame vers ion o f t he statis tical software that had been
used duri ng the ini tial ana lyses. These results a re contained
i n Ta bles 44 and 45, f o r the SPSS/PC a nd SPSS-X software
packages respectively.
As a result of additiona l researc h, however, the
interpretation o f t hose results has changed somewhat.
I n an a nal ys i s of variance proced ure , a number of null
hypotheses are pos tu lated. In ve ry gene ra l te rms, t he nul l
hypotheses state that there is no s tatis tical difference
between t he means o f the various g roups be ing compa red . The
a l ternative h ypot he s es s tate that:. al l groups are, i n fact ,
no t t he same. The a lternat ive hypotheses do not say which
g roups dif fe r f r om one another. They just say t hat a t l e a s t
one of t he g roups be i ng c ompared diffe rs from the o t hers . 210
As can be seen from Ta ble 46 , whi c h i s a cop y o f Ta ble
26 repea ted f o r conv e ni ence, it has been determined that the
main effec ts of g radient, wea ther a nd posit i on
statistically signif icant a t t h e U level. I n addition , the
two - way inte raction o f gradient a nd weather has a lso been
determined t o be s t at istically signif ican t a t t he }Ii l e vel.
Bec ause of this signif ica n t in teraction , t he ef f ect of
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Table 44 Results of ANOYA p rocedure i n SPSS/PC
ANALY SI S OF VA RIANCE
HEADWAY DISCHARGE HEADWAY
BY GRADIENT APPROACfl GRADlI::NT
POCrTION POSITION I N THE QUEUE
WEATHER WEA'l'HER CONOn'IONS
Sum of Mean Si <pif
Source Squares OF Squa r e of F
tlain Effects 39. 924 16 2. 495 6.767 .BU
GRADIENT 28 .947 • 5 .237 14. 2B2 . B00POSITION 15 .9 68 11 1 . 45 2 3 .937 .00 0
WEATHER 3 . 91 0 1 3. 9113 8 . 164 .'1 9 4
2-way I nteractions 38 .901 59 . 6 44 1. 747 .00 13
GRADIENT POSIT . 22. 676 ,. .515 1.3~8 . 94 2
GRADIENT WEATHER 8 .4 913 • 2. 109 5. 695 . 13 00POSI TION WEA'l'HER 6 .925 11 .630 1 . 7 137 . 065
3-way Interaction s 1 3 . 80 7 •• .31 4 .85 1 . 74 6GRADIENT POSI T. 13 .807 44 . 314 . 851 .7 46
WEATHER
Explained 91. 73 3 119 . 771 2.8 91 .aaa
Re8idual
Total
26lil.67 4 708 13 .3 69
27 e2 .4 11 6 71 99 . 375
7213 13 caeea were p rocessed.
o Cases ( . 9 PCT) we r e miss ing .
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Table 45 Res u l ts o f ANOVA procedure i n srss-x
Source of SUIlI of Mean Sl<JUf
Va riation Squares DF Square of F
Main Effects 39 . 92. 1. 2.495 6 . 7 67 a. eaa
Gra d i e n t 211 .947 5 .237 14. 202 1I. lI e~
Weather 3 . 31 11 3 . ill II 8.1 64 1I . ~11 4
Pos ition 15 . 96 8 11 1.45 2 3 .937 Il .B U
2-way Interactions 38 . 0 111
"
0 . 6 44 1.74 7 1l. IHli'1
Gra dient/Weat he r 8 .4 11 11 2 . HHI 5 . 6 95 11 .111111
Gr a d ien t / Pos i t i on 22 .676 44 0 . 51 5 1. 39B 0 .942
Weathe r / Pos i t i on 6 . 925 11 0 .630 1.7 07 11 . 11 65
J-WIlY Inte r actions 13.6 ~7 44 e .314 0 . 8 51 0.746
Gra dient/ weather / 13.611 7 44 0 . 314 ~ . 851 11 . 7 46
Pos i t i on
Explained 91. 7 33 119 0.771 2.t'l91 1I.9ge
Rt.'s i d ua l 261f1. 67 4 18 811 13.369
To tal 279 2. 4116 71 99 0 .375
274
Tab le 46 Analys i s o f ANOVA Res ul ts
so urce of ca lc tabulated
variation d . f . P • a t U remad:s
gradient ,. 14. 202 3 .32 s i g ni fic a nt
weat her 6 . 1 6 4 6.63 s i gni f i c a n t
po sition 11 3.93 7 2 .25 significant




1 . 3 9 8 1.57 not signifi cant
posi tion
weat her/ 11 1 .,37 2 .25 not s i gn if ica nt
po s i ti on
gra di e nt/
"




gradient on discharge headways has to be exam i ned separately
at each l evel of the weatihe r facto r.
The question that was not as ked du ring t he original
ana lys is is whethe r the differences t h a t we r e observed in the
means, while sta t istically significant , a re really practically
significant . A diffe renc e may meet t he requi rements fo r
s tat istical sign ificance bu t may not be l ·~ , ge en ough to be of
any conce r n in re a l te rms. I n other wo r ds , "even t hou gh t wo
groups are s ta tist ically ; ound to be d iffere nt, the ir
difference i s not necessa r ily of practica l i mp o r t a nc e . ,,211
Whethe r a d ifference il' the means of the two groups being
oompa zed is found to be s tatist ically s i gn if icant depe nds on
two factors:
L t he variability in t he t wo g r oups , and
2. t he samp le s ize. 2l 2
" A difference ca n be statistically signi ficant wit h a
sample s ize of 1 0 0, while the same difference wou l d no t be
significant with a s ample s ize of sa, The difference be tween
the t wo sample means is t he same . • • bu t i t s s tatistical
i nte rp retation diffe rs . Fo r l arge sa mple s i zes, small
dif ferences be twe en g roup s may be s tat is t i c a lly signif icant ,
while fo r small s ample s izes , ev en la r ge differences may not
be ... 213
The samp le size i n the expe riment at hand was ve ry
large. A t ota l of 72aa discha rge hea dwaya wer e recorded and
r.ode d for an a lysis .
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The differences in discharge headways that were noted
under the two weather r::ondi tions were very small, generally
in the one -hundredths of a second ra nge .
As ca n be seen from Table 47 which follows, the overall
sample standa rd error of the mean is 0.00725 , seven one-
thousands of a second. Therefore , the 95\ c onf i dence interval
for the overall sample mean covers a range of less than three
one -hundredths of a second, f rom 1 . 87 055 to l.b988s.
When the discharge headway data is exami ned separately
at the t wo leve ls of the weather factor, because of the
previously discussed interaction effect , the s t anda r d error
of the mean for both weather conditions i s ".aHls, or , one-
hund redth of a s e r-ond, The 95\ confidence interva l f o r each
weathe r condition covers a r a nge of only four one -hundredths
of a second , tl." 4s. The r e s ults of the anal~,"is at each level
of the weather factor are inc luded in Tables 48 and 49 , which
follow.
The very l a r ge samp le size has produced a test that is
very sensitive , meaning that the t e s t i s able to detect very
small diffe rences i n the treatment means and attach
statistical significance to them. Power of the test
ca lculations f or the three main effects indicate powe rs that
are all in the h igh 90'1; ra nge .
However , the question that no w has to be considered is
whether or not t h e differences that a re being detected are of
practical importance .
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Ta ble 47 One....ay ANOVA - Headway by ~ a d i e n t : both wea ther
c ond itions
Va riable HEADWAY DISCHARGE HEADWAY
By Va ri a bl e GRADIEN'l' APPROACH GRADIENT
Analys i s o f Variance
Sum of Mea n




2 1'1 . 9 466 5 .2 36 7
7 19 5 26 81.4598 . 31 27
7199 273 2 . 40 65
14 .9512 .9 000
S t an . Standa r d
Gr oup Co unt Me a n Dey. Er ror 95 Pe t Conf ree f or Mean
Grp 1 14 49 1 . 8699 . 51 81 .0152 1 . 83lli1 To 1 . 89 08
Grp 2 144 11 1 . 8108 . 5 888 . 0155 1.1 804 To 1 . 8 41 3
Grp 3 l441! 1. 9565 . 6 585 . 917 4 1 . 92 24 To 1. 9905
Grp 4 14 48 1 . 85 85 .54 113 . 814 2 1. 83 06 To 1.886 4
Grp 5 14 40 1.9365 . 6755 . 017 8 1 . 901 6 To 1 . 971 5
Tota l 7 200 1 . 8846 . 61 21 . 0 01 2 1 . 87 05 To 1.8988
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Tabl e 48 Oneway ANOVA - Headway by g radien t; fair we athe r
condition
Var i able HEADWAY DISCHARGE HEADWAY
By Vari ab l e GRADIENT APPROACH GRAD IE N'l'
Analys i s of Variance
Source
Between Groups
wi t hi n Groups
Total
Sum of Mean F F
D.P . Squa r es Squa r e s Rat io RIb.
1 2 . 5614 3 .14 13 4 8 .6569 .am
359 5 13134.11 . 3628
3599 1316 . 674 9
Stan. St an.
Group Coun t Me an nev , Er r o r 95 Pe t Con f Int for Mea n
Grp 1 72 ' 1.7 8 . 56 13 6 . 0209 1. 739 4 To 1.8214
srp 2 720 1.81 . 6055 . 0226 1. 768 5 To 1.8571
Grp 3 720 1 .93 .6 359 . 0237 1. 89 13 9 To 1.9839
Grp 4 72. 1.. 87 .5325 . 019 8 1. 8 4 1:1 3 To 1.9182
Grp 5 72. .:.. 91 . 66713 . 0249 1. 862 3 To 1. 9599
Total 3600 1. 86 . 6049 . 01B! 1. 844 4 To 1 . 8840
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Tab le 49 Oneway ANOVA - Headway by gradien t , poor weather
condition
Variable HEADWAY DISCHARGE HEADWAY
By Variab le GRADIENT APPROACH GRADIENT
Ana l ys i s o f Va rian c e
Sou r ce
Sum o f Mean P
D.F . Squares Squa res Rat i o •P r ob e
Between Groups 4 16.7 85 5 4 . 196 4
Within Groups 3595 136 5.9359 . 3 836
Tot a l 35 99 138 2 . 7 214
11.111 444 . iHl 30
Stan . Stan .
Group Cou nt a ee n DeV . Er ror 95 Pet Conf I nt f or Me an
Gr p 1 72 ' 1.9414 .585 5 . 92 18 1. 898 5 To 1.9842
Gr p 2 7" 1. 8" 89 . 57 21 . 13 213 1 . 767 13 To 1. 85 " 7
Grp 3 72 ' 1. 975 5 . 68133 .0254 1 .9 257 To 2 .8 253
Grp 4 72' 1.8377 . 547 5 . 021:,4 1. 7 977 To 1 . 877 8
Grp 5 72. 1.962" . 68 3 4 .3255 1. 91 2 3 To .l.Bl23
Total 3603 1.90 51 . 619 8 .0 1£13 1. 884 8 To 1.9253
'"
lB. 3 Pr actical i t y of the ob s e r ved diff eren ce s i n t he t r eatment
The mai n co ncern of traffic operat ions personnel is the
safe a nd efficient movement of people and goods. This
sentence summar izes t he u l t ima te raison d 'et re for the branch
of civi l engineerin g that deals with traffic e nginee ring.
As no ted prev ious ly , in the urban e nvi r onment . the
signa lized i nt e r sect ion co ns t itutes t he key op era t ional
co ns traint t o t he e ffic ient movement o f goods a nd people.
One of the pa rame ters t hat t r a f f i c ope rat io ns people utilize
to measure the e ffic iency of a t raff i c signal insta llation is
t he service vo l ume t ha t passes t hr ou gh that s ignal . From a
prac tical po i nt of view , an inc r ea s e of 10 % in the service
vo lume of a n approach to a s igna lized i ntersec tion would be
conside red an Lmpo r bant, imp rovement .
Given that t he meen headway f r om the da tabase o f 7200
headways i s L88 seconds , an i n c r eas e i n d ischarge head ways
of at l e a s t 10 %, o r 0.19 seconds , would have to be ac hieved
on an app roach t o a signalized i nte rsect ion t o reali ze an
i ncrea s e of 10 % i n the se rvice vo lume on that approa ch .
Obv iously , an i ncrease of hund r edths o f a second i s o f
no p r actica l impo r tance to ei the r motoris ts or operat ions
personneL
There f o r e, it is conc l uded tha t , while t he diffe rencec
i n the d i scharg e he a dway s t ha t hav e bee n o bs erve d on t he
2.,
va rious approac h gradients a re s t atist i cally d ifferent , those
diffe r ences a r e o f no prac t i ca l i mportance to tra f fic
ope ra tions people . The d i ffer enc e s are s t a t i s ti c a lly
s ignificant only bec ause of the ve r y l ar ge sample s i ze . In
effect, i t might c r ude l y b e sa i d t hat t he experiment t ha t has
been designe d is to o sensi t iv e t o yiel d re s u l ts t hat a re of
p r a c t i c a l i mpo r t anc e t o ope r a t ions pe r s onnel .
IB . 4 Discus s ion of the r e l a tions h i p between d ischa r ge
headways , wea ther c ondit i ons an d approach gradie nts
As note d , bec au s e of the inter action be t ween weather and
grad i en t , the effec t s o f app ro ac h g radien t on d i sc ha r ge
he adway s i nvestiga ted at eac h l evel of th e wea t he r
f a c to r .
The hea dway s f or the va rious app roach grad i ents
under t he t wo weather condi tions are s hown i n Table SS.
It c an be s een from Ta ble 51 that , gene r a lly s peaking ,
the me a n d i scharge he a dwa y values under fai r wea t her
co ndit io ns a re l es s t ha n o r e qua l t o t he me an he adway va l ues
unde r poo r wea th er co ndit i ons . The ex cep tion i s t he appr oach
7 North , hav in g gr adie nt - 3 . 8\ .
Exc ept f or app ro ac h 7 North, the observed re lationSh ip
i s in line with t he i nt uitive as sumpt ion that poo r weathe r
c ond i t i ons ad ve rse l y a f f e c t d i sc ha r ge he a dways. Th i s
c onc l us i on makes prac t i ca l s ens e. I t woul d be l o gi c a l t o
e xpect t ha t s ome motoris ts migh t adj us t t hei r d riv i ng ha bits
28 2
Table 58 Mean headways by appr oach g ra di e nt by weather
condition
we a the r conditions
~~ f.o.ll BQQ..t ......
16 East +7 . 2% 1. 78 1.94 1. 86
7 South +3.0\ i . a; loB I i . ar
71 west +3 .6\; 1.94 1.98 1.96
7 North - 3 . 0% l.BB 1.B4 1.B6
16 West - 7 . 2% 1. 91 1.96 1.94
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under adve rse weather co ndi tions to al low f or such f ac tors a s
r educ e d vis i b i li ty a nd reduced frict ion of t i res o n wet
pav ement.
Examinat i on of t he r e s ults of a T- test comparing
discha rge hea dways under f air weat her conditions with
discha rge hea d ways und er poo r weathe r cond i t i ons l ead s to t he
co nc l usion t hat there is , i n f act , a statistica lly s ignificant
difference eeeveen d ischa rg e he adwa ys unde r bo th we a t he r
co nd itions . Thes e r es ul t s a r e g i ve n i n Table 51.
But, a gain , the quest io n tha t r ema in s t o be a dd r essed is
whether or not th i s differ e nce i s of a ny pr act i c a l i mpo r t a nce.
Fr om Table 51 it ca n be s e en that t he diffe re nce between
t he mean d i s c ha r ge headways f o r t he t wo weat he r co nd itions is
9 .9 4s . This i s not c lose to t he 19\ dif ference t ha t has been
s ugge s t e d a s a benchma rk fo r p ractica l i mportance .
In a simi la r manne r , the d ischar ge he adways for each of
t he approach g radien t conditions can be examined unde r each
of t he weathe r cond itions. Table 58 contains i nformat i on on
the mean discharge headway values for t he va rious in tersection
approaches upo n which dat a was collected.
When the data contained i n Tab l e 59 are examined , it can
be seen t ha t t here is no obv io us patte r n o r r elati ons h i p
appa r e nt betwe en d i s ch ar ge headw ay and appro ach gradient ,
a ltho ugh unde r fair weather co nditions it ca n be s e e n that ,
with t he e xc e ption o f t he approa c h having HI.6\ gradient,
d i s c ha r ge headways seem to increase s lightly as appro ach
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Table 51 Results o f t -te s t comparing head way s und e r f ai r an d
p oor we at her cond it ions
Indepe ndent sa mples of WEATHER WEATHER CONDITIONS
Gr oup 1 : WEATHER EO 1 Gro up 2 : WEATHER EO 2
t-tes t f or: HEADWAY DI SCHARGE HEADWAY
Number St a nda r d St a ndard
of Ca se s Mean Devia tion Erro l'
Gro up 1 36'''1 1. 8642 . 605 .ue
Gr oup 2 36 liHI 1.9051 . 62 0 . 910
Poo l e d va r , Est . separa te var , Es t .
F 2-Tail t 2-T all t; 2-T a il
Value Prob. Va lue DF Prob . Va lu e DF arc b ,
1. 95 . 142 -2. 83 719 8 . 995 - 2 . 83 7193 . 09 5
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gradient goes from pos itive t o nega tive grade .
r ne i ncrease in d ischarge head ways as approach gradients
cha nge f rom positive (uphil l ) g ra dients to negat i ve (downhi ll)
gradients mi gh t possibly be ex plained as t he react ion of
drivers as t hey re a lize that they will need add it iona l
s topp ing di stance on do wngrades because gravity is wo r k i n g
agains t decelera tion , as opposed t o upgr ade s wher e g r avity
aids dece leration .
Howeve r, if that line o f r ea s on i n g is extended , one would
expect that t he phe nomenon of i nc reased discharge he adways on
do wng rades migh t be more p ro nou nced unde r poo r weather
conditions as both gravity and r ed uc ed friction on we t
pavement work a gainst dece leration.
However, it appears that unde r poo r weathe r co nditions ,
there is greater va ri ab i li t y in driv ing hab its , and thus
line a r relations hip i s appa rent f r om t he data conta ined in
Tab le 5" f o r the poor weathe r co ndi t i on .
The question tha t must a gain be as ked is whethe r the
differences i n d ischarge he a dways that are being d iscussed
are of p ractical i mportanc e ?
If the c onficle nc e levels fo r the overal l means a re
compared there is a difference of only ".B8s, approxi mately
4%, between t he lowe r limi t of the 95% co nf idence in terva l
for t h e fai r weathe r co nclition and t he upper limit of the 95%
conf idence i nterva l f or the poo r wea ther condi t ion .
This dif ference i s not c lose t o t he le% difference tha t
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has been s uggested a s being important for pract ica l
s i gnif i c anc e .
To rei tera te the con c l us i on noted previously , the
d iffe rences in discharge headwa ya t h a t have been noted are
statistically s i gnif icant ch iefly because of the ve ry large
samp le size t hat was emp l oye d i n the experiment. The se
di ffer e nces are not large enou g h to be of a ny i mpo r t a nc e in
a prac t ica l sense .
18.5 Dev eloping a relationship between approach gradient an d
discharge he adway
Neverthe less, despite t he l a c k of a strong i nd i c a tion of
linear rela t i ons hip as i ndicated by the preceding exam ination
of the da ta, the data was a n a l y ze d us i ng a re gression
p rocedu re in an attemp t to quan tify , if pos sible , the
r e l a ti on s hi p be tween app roach gradie nt and d ischarge head way .
When the REGRESSION procedure was r un on the mi cro-
co mputer vers i on of SPSS/PC , the resu lts t hat were ob tained
were not t he same as the res ul ts t hat had been produced by
t he SPSS -X main f r ame vers ion of t he statistical so ftware
during the i n it i al analyses.
This r e s ult wa s surp r is i ng f or tw o reasons :
1. t he same database was us ed i n both analyses , and
2 . t he res ults of the ANOVA p ro cedu res that had b een
ru n unde r both ope rating systems had been
i de ntical .
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The res ul ts of t he REGRESSIO N procedures under t he
SPSS/PC and SPSS- X systems are ccncernee i n Appe ndices Q and
R, r es pec t ively.
Care fu l examinat ion of the out p ut from t he REGRESS ION
proced ure o f SPSS-X r e ve a l ed a n an o maly in t he ou t put t ha t
had previous l y gone un noticed . I t can be seen fr om Appen dix
R t hat the Ana lysis of Var iance po rtion of the REGRESSION
analysis fo r t he f a i r we ather cond it i on h a s 7745 deg rees of
f r eedom , However , under one weat he r co ndition there should
be on ly 360 0 c ases , one-ha lf of the to ta l of 72 00 cases.
Similarly , un der t he poo r weather condi t ion , there a re an
unex pla i ned 7871 de gr e e s of f r eedo m when t he re s h o u l d be 35 99 .
Exa mination of t he output from t he SPSS/ PC REGRESSION
p rocedu re , however , shows that t he r e are 3599 degrees o f
f r eedom f or each weat he r con d i t ion , as would be expec ted for
a dat ab a s e conta ining 3600 cases .
Thi s problem wi th the da ta used in t h e ori gin al
reg ress ion ana lyses had gone undetected during t he i n itial
anal yses.
Neve rtheles s , des pi te th is er ror in t h e database tha t was
used during t he orig i nal re g r e s sion p rocedu res , the r esults
t ha t were a chi ev ed wi th t he corrected da tabase were
substantially t he same a s t hose t hat h ad b e en ach ieved in the
orig i na l procedu res .
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111.5.1 Fa ir weather co ndition
Under the fa i r we e th e - c ond ition , when t he REGRESSION
p rocedure was r un, t here was s till a very lo w value of the
c oe ff I cd en t; of determination , R2 :: 0 . "" 5 39, and the F-tes t
statistic wa s sti ll highly s i gnif i c an t . The app a re nt pa r ado x
noted earl ie r in this c hapter s t il l ap pears to exist .
The low value o f the coefficient of determination
indicates t ha t there i s no l inear r e l at i onship between t he
variables o f i nterest , whil e the s ig n ificant F- t est sta t i stic
indica tes t ha t a line ar r e l ation s h i p does exist .
The F-te st p rocedure in regression ana lysis is used , i n
th i s case, to test the null hypo t hesis t hat t here is no line ar
r el ationsh i p be tween d ischarge he a dwa ys and approac h gr a d i e nt .
However , t he F-test statis t ic p roduced a s a r e s ult of t he
regression procedure in SPSS/PC fo r the fai r weathe r
condition , as s hown i n Appe ndix Q, i nd i c a t es t hat t hi s null
hypo thes is s houl d be reject ed , as t here i s a s t a tis t i c a lly
significant res u lt indicating t ha t a linear re lationship
between he adway an d gradient does , in fac t , e x i s t.
However , a s previously noted , t here are tw o f ac t o r s tha t
c ontribute t o any s i gn i f i cant r e s ul t :
L the va r iabil i ty in t h e two gro ups , an d
2 . t.h e sample s h e .
The s t a t is t ically signif i cant r e s ult tha t wa s obta i ned
from t h e F- t es t p rocedure perfo rmed wit hin the REGRESSION
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pro c ed ure i s t he resu l t o f t he ve r y l arge s ampl e si ze t hat
was used in t he ex periment .
Although t he F-te st s tatistic genera ted by t he SPSS/PC
sof twa r e i nd icate s t hat t here i s a linear r e lat i ons hip betwee n
the va ria bles , a resu l t p ro du c ed by t he l a r ge samp l e si ze , t he
low coeffic i ent of determina t i on that ha s bee n calculated , R2
• 8 .88539 , i ndic ates t ha t ve ry l ittle o f t he var iability i n
t he data ha s be en accou nted f o r by the r e l a tions h i p generated
by t he r egre s s i o n procedu re . I n o ther word s , the l o w va l ue
of R2 i nd icates t ha t ther E. is no l i ne a r r ela tions h i p be t we e n
th e va riab l es.
In t h i s in s t anc e , because t he F-t-=s t is i nf lu e nc ed by
the :'a r ge ~amplc s he , the R2 i ndicato r must be gi ven mo re
weig ht t han the r es ults of t he r -tes t as an i:ld i ca t or o f the
st rength of the r e l at i onship be t wee n th e va ria b l es o f
i nt e r e s t .
I n f a c t , it should be noted that the large sampl e size
is t he lIlai n r e a s on fi.,r; the apparen t pa radox no t ed in t he
orig in a l a nalyses when i t was observed t hat t he r eg ression
pr oc e du r e produc ed eq uations with ve ry l ow va l ues of t he
c oe f fic i e n t o f dete r min at ion at t he same time t ha t t he r - tes t
p r ocedure that is pr od uce d as pa rt of the REGRESSI ON p rocedu r e
i n sssszx i nd i cate d a s i gn i fic a nt line a r r elat i on sh i p exis ted
be tw ee n approa c h g r ad i e nt a nd discha rge he adwaye ,
2"
111 .5.2 Poor weather condit i on
Unde r the poor weather condit ion , the re is an i nt e r e s ti n g
difference in the re s ults of t he ana lys is produced by the
SPSS/PC sof t ware us i ng the co r rected database , a nd t hose that
had been ac hieved when t he SPSS-l{ software had been used on
t he incorr e c t da t a base.
For t he poor we ather cond i tion , t he coeff icient o f
de termina t ion i s sti l l very l ow, R2 '" I'l.£HI01 6 , bu t t he
res ults of t he ana lys is pe r f orme d on the rev ised database
produce a n F-tes t sta t istic t hat i s high l y signif icant . This
means t hat t he null hypothesis of no l i nea r relat ionship
betwee n app ro ac h g rad ien t a nd di scha rg e h eedwa ys can no t be
rejec ted, and mus t be ac c ep t ed . In other words , bo t h
parameters indi ca t e the same co nc lusion, that the r e is n o
linear re l at ionsh ip between approac h g rad ient and discharge
headways for t he poo r weathe r condition . The pa r ad o x
r e ferre d to in t h e o rigina l anal ysis do es no t ex ist f or the
poo r weat he r c on dit ions wh en the co rrected da tabase i s
ana l yz ed.
Therefo r e , it is n ow co nclud e d t ha t there is no line a r
relations h ip between d i s cha rg e hea dways a nd approach gradien t
unde r eithe r weathe r c ondi tion .
Unde r the f air weathe r cond i ti,jn, the ve r y lo w va lue of
th e coeffic ient o f de termina tion says tha t the re is n o linear
re l a t ionsh i p between t he two va ri ab les . Al tho ugh t he F-test
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s ta tis tic i nd icates t hat e h- ee i s a sign ifica nt line ar
re l a tionsh i p , i t ha s been co nc luded t hat th i s i ndication is
the r es ul t o f t he ve r y la rg e sampl e size a nd t he r es ul t i ng
high ly sens i tive test . The refo r e , i t i s c onc luded t ha t t he
coef ficient of det ermi nation is t he mo re c r ed i b l e indica to r .
Unde r t he poor weathe r condi tion , bot h pa r ame t e rs , the
coe fficien t of de te rmin a t i on an d t he F- t est s t a t istic ,
i nd i c a t e t hat t he r e is no s i gn ifica nt linear relations h i p
be tween appr oac h gradient and d ischarge heedwaya ,
18 .6 I nvestigation of other rel a tions hips
I f t here i s no linear relation s hi p be tw een t he var i a bl e s
of appro ac h gra di e nt and discha rge headway , i t i s po s sible
t hat the re fIlay be a non- line a r relationsh ip be t ween t he m.
A numbe r of t r an sfor ma tions were t ri ed i n an effort t o
de te r mi ne if a non- l i ne a r r e lationsh i p was a ppl i ca bl e . As c an
be s e en frolll Tab le 52, i n al l cases , the coeff i c ients of
de te rmi na tion wer e ve r y l ow.
It may s til l be possible t o devis e a non- linear
r e la t i ons hip be t ween discha r ge hea dways and a pp r oach gradien t ,
but t ha t r elat ionship would likely only a ppl y t o t he five
loca t ions s tudied in this expe r i ment, i t wou ld be o f no
pract i ca l impor hnc e , and it pr ob abl y not be the result o f an
ac t ua l cause an d e ffec t relationsh ip.
292
Ta ble 52 Coeff i c i en t s of de temination f or tran sfor mati on s
DEPENDENT INDEPENDENT
VARIABLE VARIABLE R2 COEFFICIENT
Head way Gradien t 0.0 1H126
Head way Gr ad i ent2 0. 0 0233
Head way 1/Gradient 8. 00231
He adwa y -l/ Gradi en t 0 . 0"231
l og (He adwa y ) Grad ient 0 .00 001
log (Head way ) Gradient 2 0. 00 22 5
l og (HeCldwa y) l / Gradi en t 0 . 0f1l9 1
log (Hea dwa y ) - l / Gr a d i ent 0.O0191
sq .r t (He aawa y ) Gradient iI."00 07
sq .r t (Headway) Grad ien t 2 8. OO240
sq . r t (Headwa y) l / Gradien t 8.O0211
sq . r t (Headway ) - 1/ Gr adient 0 .OO211
Head way 2 Gradient O. O0041
He adwa y2 Gr adient2 0 . 00 175
Headwa y2 l/Gradi e nt " . 'H~2 5 5
Headwa y 2 -l/ Gr a di en t 11 . 00255
l / Hea dway Gra dient 11.0"" 06
1/H ea dwa y Gradien t 2 8. 00 1 28
l / Hea dway 1/G r ad ient 8. O0159
l /Headway - l/Gra dient 8.0 01 59
- l / He adwa y Gradien t 8. 00 006
-l/Headway Gradient 2 8. 00128
- l / Headway l / Gr adie nt 8. 0 01 59
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1' .1 Concluoions r egard ing the relat io nship of d i scbarge
headway and approacb qradi ent
It is co ncluded that, althougb i t has be e n established
that the diff et'ence s in discharge bea dways on differe nt
approa c h gradh nts a re s t a tis tica llY s ig nific an t , t he
signif i c ance of thos e diffe rences i s , f or t he mos t pa r t , a
res ul t o f the l arge samp l e size , and, mo re i lDpo r t an t l y, is of
no pr a c tica l importa nce.
It is fu rther co ncluded that t he r e is no practical
qua ntifiable rela t i ons h i p between approach g ra dient and
discharge headways t he app roaches to signa lized
i ntersec tions i n the City of St . Joh n 's .
Although it has be en shown t ha t the r e i s no qua ntifiabl e ,
practical r e l ations hi p between discharge headways on an
approach to a s ig nalized intersection and the gr adient of that
a pproach , othe r time-s pa ce re lationsh i ps e xis t t hat a re of
i nter e s t to ope ra tions personnel. One such relationship , the
relation s hip bet wee n elapsed e r e e from the s t ar t of t he g reen




11.8 RELATIONSHIP BETWEEN ELAPSED TIME AND QUEUE POSITION
11 .1 Introduction
The time that elapses from the start of the green phase
of a cycle a t a s igna lized intersection until a vehicle c lears
the in te rsection is obviously a quanti ty o f inte rest to
t raffic op erations personnel. This quantity is c losely
re la ted t o discharge h e adways , As was noted earlie r, the time
tha t e lapses from the start of the green phase until any
veh icle in the queue c lears the intersection is simply the sum
of t he d ischarge headways f o r a ll veh icles preced i ng the
vehicle of i nt ere s t .
I t would be ve ry us e f ul for traff i c opera tions personnel
i n the City of St . John's to be able to predict the time
requ i red f o r a sp ecific number of veh icles to c lear a
signalized i nt e r s e c t i on. In fact , arguably , i t may be of more
practical importance fo r operations pe rsonnel t o be ab le to
accu rate ly p re dict the e lapsed time requ ired f or a specific
numbe r of vehicles to c lear a n intersec tion t han it would be
fo r them to be ab le t o predict t he discharge h ea dwa y of a
sp ec ific ve hic le .
Cons ider fo r instance t he fOllowin g simplistic examp le
of t he de sign f o r eb e t i ming scheme for a signa lized
in te rsec tion .
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Traffic count data indicate t hat an ave rage o f 459
vehic l es pe r hour pa s s through one app roach to a s i gn a lize d
inters ec t i on . If i t is assumed t hat the traffic s ignal cyc le
length i s fixed at SOs because of s ynchronization constra i nts,
then t he r e are 45 c ycles per hou r 13699 s /hour div i d ed by
80s/cyc le) . The ave r age a rr ival r a t e pe r cycle i s, t he r e f o r e ,
10 veh icles pe r cycle ( 450 ve h/ hr div ided by 45 c yc les / h r l .
If t raffic operations pers onnel ca n accurate l y pred ict hcv
much t i me is r equired f o r t hese te n ve h icles t o cle a r t he
i ntersection . (t ha t i s , how much t i me e lapses before t en
veh i c l es c lea r ) t he n that e l apsed time can be inco rp o r at ed
into a n e ffi cient t ra f fi c s ignal timing scheme .
The re fore , it would be wor tbwhile in vestiga t i ng the
ce latlonships , if any , betwe en elapsed t i me and the three
original va ci a bl es o f tnee r eee , app coach g cadient, vea ehee
conditions , and position i n t he qu eue .
11 .2 Analys is of variance
As befo re , t he initial step in t he analysis invo lves a n
analys is of v a rianc e p rocedu re to de termine which of t he
va ria bl e s o f int erest has a s ignifica nt effect on t h e r e s pons e
variab l e, whi c h is now t he e l apsed t i me £Com t he s tact of
qr een ,
The re sul t s of t h is analysis of va riance a ce contained
in Ta ble 53, Res ults o f ANOVA Pr oc edur e i n SPSS/PC f o r Elaps ed
Time Data .
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Table 53 Res ults o f ANOVA procedu re in SPSS /PC on e lapse d t b e
data
••• ANALY S IS O F VA RIANC E •••
ELAPSED ELAPSED TIME FROM START OF GREEN PHASE
BY GRADIENT APPROACH GRADI ENT IN PERCENT
POSI TI ON VEHICLE POSIT I ON IN THE QUEUE
WEATHER WEATHER COND I TIO NS
Sum of Me an Sig .
So ur c e of Va r iation Sq ua r es DP Sq ua re o f •
Main Effects 29 986 8 . 9 16 18741. 80 9 8990. 22 2 . 'HI9
GRADI ENT 538 .936 4 13 4 . 599 64 . 5 2 2 . 90"
POSI TI ON 299286 .2 11 272 " 7 . 8 3 9 13 951. 27 5 .B 00
WEATHER 44 .686 1 44 . 686 21.4 35 . 0""
2-w ay Intera c tions 713 . 975 59 1 2 . 1 01 5 .8" 5 .000
GRADIENT POSITION 27 1.529 44 6 . 171 2.96 " . "" 0
GRADIENT WEATHER 404 .628 4 U 1.157 48 . 5 24 .00 B
POSITION WEATHER 37 .819 11 3 .438 1.64 9 .979
3 -way Intera ction s 12" .9le 44 2 . 7 48 1.318 . 978
GRADIENT POSITION
WEATHER 12 0. 9le 44 2 .748 1.31 8 . 078
Exp l a i ne d 300 7 " 3 .8 119 25 26 . 923 121 2 . 13 5 .OBB
Re s idual 1475 9 . 592 7 S80 2 .085
Total 31 5 46 3 . 4 71 99 43 . 820
7 200 Ca s e s were proc e s s ed .
B Cases ( . 0 PCT ) we r e miss i ng .
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It can be seen from Table 53 that each of the three main
effects is significant . However, t wo of the two-way
inte raction effects are also significant . The interaction of
approach gradient and vehicle position in the queue i s
significant , as is the i nt e r a ct i on of weather conditions and
approach gradient.
11.2.1 I nte ra ction of a pp roach gradient and veh i cle pos ition
The summary of elapsed time data for each of the five
approach gradients upon which data was collected is contained
in Table 54 , Summary of Elapsed Time Data by Gradient.
I nt u i tivel y, it might be expec ted that e lapsed time would
increase as approach gradient increased, as a result of
accelerating uphill. Howeve r , i t ca n be seen frOm examination
of the data fo r Pos i tion 12 in Table 54 that this expected
result does not materialize . In fact, the re is no apparent
t rend in the e lapsed t ime data for the va rious app roach
gradients.
From an examination of Tab le 53, it is appa rent t ha t
li t tle of t he explained variation is accounted for by the two -
way inte raction of gradient a nd position . Only 0 .1il9% of the
explained variation is ac tually accounted for by th is
in teraction . The interact ion of gradient and position is
statis t ically significant but, as not e d in the previous
chapter, the statistical significance is chiefly a result of
the very l a r ge sample size .
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Table 54 Su mmary o f e l ap sed t i me dat a by 9 radi e nt
- 7 e2\ -3an +8 a6t +3 an +7 e n
POSITION 1 LB3 L 96 2.05 L 88 2.95
POSITION 2 3. 85 3.93 4.13 3 .8 3 3 .9 4
POSITION 3 5 .79 5 .78 6.12 5 . 64 5 .82
POSI TION 4 7.7 2 7 .71 7.96 7. 38 7. 78
POSI TI ON 5 9.64 s.sa 9 . 81 9. 23 9 . 55
POSITI ON 6 11.55 11.42 1 1.64 11. 97 11.38
POSITI ON 7 1 3 .4 3 1 3.18 13 . 53 12. 89 13 .10
POSITI ON 8 15 a43 14.94 15.59 14 .71 14 .90
POSITION 9 17 .3616 . 75 17 .41 16 .4 9 16.76
POSI TI ON 11 19 . 24 18 .64 1 9 . 38 1 8 . 23 1 8.59
POSITION 11 2L26 20 e52 21.48 19 .99 20.50
POSIT I ON 12 23 . 23 22 .30 23 .47 21.73 22.33
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When t he magn itude o f t h e amoun t of variation in the data
t hat is ex plained by thi s i n teraction (a . " 9\ ) is comp a red t o
t he amoun t o f variation explained by the mai n effect of
p os i tion (99 . 5\) . it c an be s een t ha t t hi s two -way i n t eract i on
is not prac t ically irr,portant.
Therefore , because the t wo -way in te raction of gradient
an d pos i tion exp lains s o litt le o f t he var iation i n the data ,
as i ndicated in Ta ble 53 , be cause t here is no l og i c a l t rend
i n t he interact ion of the e l apsed t i me da ta wi t h veh icle
position as i nd i cated i n Table 54, and because the two - way
inte rac tion of g rad ient and pos it ion i s signi fi cant ch iefly
because of t he l a r ge numbe r of res idual degrees o f fr e edo m as
a r e s ul t of t he l a r ge sample s ize, as indicated in Ta ble 53 ,
it is co nc l ud ed t ha t the t wo-way inte ra ction of gradi e nt and
pos it ion i s not o f practical i mpo r t a nce.
1 1~ 2.2 Interaction of app r oa c h grad ient and weather conditions
The significant i n t era c t i on be t ween approach grad i ent
and weather cond i tions me an s that the ef fect of approach
g rad i ent on elapsed time from start of green depends on the
l ev el of the weat he r co ndi t i o ns va riable , f air o r poor .
The summary o f e lapse d t i me da ta f or each approach
g r a dient a t eac h l evel of the weather va riab le is conta i ned
in Tables 55 an d 56 for queue posit i on s 1 - 6 a nd 7 - 12,
respective l y.
From Tables 55 and 56 , i t can be se en t hat fo r the fi rst
3"
Tab le 55 Elapsed time da ta by po s ition by veatbe r by q r ad Ien t;
P OS GRAPE PAIR POOR PUP PE RCENT
- 7. 2 1 . 81 1. 87 1'. 1'6 1. 6\
- 3 .1' 2.06 1. 87 -0 . 1 9 - 5. 0%
' 0' 2 . " 6 2. 1'6 0. 1''' - 0. 1%3.' 1, 87 1, 91' 0 .In 1'.8%
7. 2 2 . 03 2. 07 1'. 04 1'.9\
- 7. 2 3 .75 3 . 96 1'.22 2 .8%
-3 . 0 4.1 3 3.74 - 0 . 39 -4. 9%
... 4.119 4 . 18 r .09 loU3.' 3 .8 1 3 .86 .~ . 96 0 .7%
7 . 2 3.86 4 . 03 0 . 1 6 2 .1%
- 7. 2 5 .66 5 . 92 0 . 26 2.3\
- 3 . 1' 5 .98 5 .59 -0. 39 -3.4%
... 6 . 12 6 . 13 B.IH 1'. 1%3. ' 5 . 64 5.65 0 .02 1'.2 %
7,2 5 .69 5.96 0 .27 2.3%
- 7. 2 7. 61 7.85 B.24 1-5\
- 3 . 1' 7 . 93 7 .5 0 - 3 .4 3 - 2. 8\
... 7 . 95 7 .98 0 . 1'3 11.2\3o. 7 . 34 7 . 43 1'.09 1'.6%
7 .2 7 . 55 8. 1'2 1'.47 3.1"
-7.2 9.55 9 .75 3 .20 1.0t
-3 . 0 9 . 86 9. 31 -1:1 .5 5 -2 .9 %
... 9 .89 9 .73 - 0 . 16 - 1'. 8%3.' 9.32 9 . 16 - 0. 16 - 1'. 9%
7,2 9 . 20 9.90 11 .711 3 . 6\
-7. 2 11 . 38 11. 74 0 .36 1.6%
- 3 .1' 11 . 68 11 .1 6 -0 . 51 -2.2%
a. s 11 . 70 11. 59 -0 .11 - 0 .5 %3.' 11 . 09 11,07 - 1'. 02 - 1'. 1%
7, 2 10 . 90 11,86 1'. 96 4. 2%
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fou r que u e pos it ions , as would be ex pe c t ed i nt uit ively ,
elapse d tilDe va l ues a re g re a t e r und e r peer weather co nd i tions
t han unde r fair weathe r wit h the exception of t he app r oa ch
hav i ng -3 . 81 gradien t . Th is exception was also noted
pre viously i n the a i s c us s i on o f the r e la t i ons hip of wea ther
on d i s cha r ge heaa ways .
For queu e positio ns S th rough 9 , elapsed t i me value s are
gre a t e r unde r poor we a the r con d itions a t t he app roac hes h av ing
gradients of -3 . 1'% , +1'.6 \ and +3. 0%. And f o r queue po s it ions
19 through 1 2, e lapsed t i me va lues are gr eater und e r po o r
weather condi tio ns at the ap proaches hav in g - 3. 0\ an d +3.0% .
From t hi s an alysis i t i s ob v ious t hat t he r e i s a n
in t e r act ion e ffec t betwe en we a the r and g ra d i ent . The q uestion
remains , however, as to how i mportant t hat i nte r action i s f rom
a prac tic a l po in t of v iew .
Exa mi ning t he las t c olumn of Table s 55 and 56 shows that
t he pe rcen t age of change i n e l a psed t i me s unde r poor and f a ir
weather c ond i t i o ns is not very large . I n all ins tances i t i s
less t han the p ractical dif f e re nce o f t en pe r cent t hat has
bee n sel ec t ed a s t he be nchmark figu re .
There f ore , i t i s c on cluded t hat , a l though t h e intera c t i on
effec t o f appr oa ch g r adient an d we a ther condi t Lo n on e lapsed
time is s tat i st ica lly s ig nifica nt , it is no t practically
i mpor tant .
From an examination of Tab l e 53 , it can aga in b e seen
t ha t ve ry l it t l e o f the e xp laine d var iation is actually
3.3
Ta ble 56 El ap s ed time da t a by position by weather by g radie nt
POS GRAPB PAI R poo R P IPP PERCENt
- 7 . 2 13 .22 13 .65 1 .43 1.6,
-3 .0 13.43 1 2. 5 ';' - 0 . 5 9 - 1.9 '
... 13 .62 13. 46 -0. 17 - 1'. 6 \
3.' 1 2 . 98 1 2 . 82 - 9 .16 -B .6\
7 . 2 12 .57 13. 65 1.1'7 4 .1\
- 7 . 2 15 .18 1 5 . 69 11 .50 1.6 \
-3.0 15 . 14 1 4 . 75 - 9. 3 9 - 1. 3 \
a.s 15 . 62 15 .4O - 11.22 - 0 . 7 \
3.' 14.86 14. 57 -11.29 - 1. 0\
7.2 14 . 31 1 5. 5O 1.1 9 4.0\
-7. 2 11 . 08 17.6 6 9 .58 1.7\
- 3 . 0 17 . 02 16 . 48 - 9 . 5 4 - 1.6\
... 17 . 48 17 . 46 - 9 . 0 3 - 0 .1 \
3.' 16. 65 16. 34 - 9. 3 0 - iii . 9'
7.2 16 .96 17 . 47 1. 41 4 . 2\
"
- 7. 2 18 .92 19 . 58 8 .66 1.7 \
- 3 . 9 18.91 18 .38 -8 .53 - 1 .4\9.' 19 . 34 1 9 . 44 8 . 11 0 .31
3.' 18.34 18 .13 - 9. 21 -0.6 '
7. 2 17.88 19 .31 1.43 3 .8 '
11 - 7 . 2 21 . 96 21.47 9 .41 1.9\
- 3 . 11 2O. 81 29. 24 -0 .58 -1. 4\
... 21.39 21.57 8 . 1 8 e.n
3 .' 20 . B3 19.96 - 8 . 97 -0 .2\
7 .2 19 .6 7 21.34 1.67 4 .11
12 -7 . 2 22 .93 23.54 8 .6l 1.3\
- 3 .9 22 .55 22.15 -1 . 50 - 1.1\
... 23 . 25 23 . 71 1 .46 1.,,\
3.' 21 .75 21.71 -8 .05 - B. lI
7. 2 21. 36 23 . 30 1.93 4.3 \
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e xplained by t h e t wo way i n t e rac t i on of a pp r oac h gr ad ien t an d
wea t he r c ond ition . Only on e-t enth of one per cent (".""1%)
of the e xpla i ne d variation i s account ed fo r by this
i nterac tion .
As not e d previous l y , 99. 5% of the e xplaine d va riat ion i s
explained by t he mai n ef f ec t of posit ion on e lapsed t i me . I n
co mpa rison , the c ontribution of the two-way lnt e r action o f
app roach gr adient and weathe r c ondit i on i s no t practically
impor tant .
The r ef o r e, because the t wo-w ay i nte r action of g rad i en t
and wea ther tlxplai ns very litt l e of t he var ia t ion i n t he data,
as i nd i cat ed in Tab le 53 , be ca use the obse rved d i ffe rences i n
elaps ed times under t he t wo wea t her co nditions are no t l arge
i n a pract i cal se nse , a s indica t ed in Table s 55 and 56, and
bec au se thi s t wo-w a y inte raction i s stat ist ic<!.l ly s igni f ical"::
c h iefly bec a us e of t he l a r ge nu mbe r of r esidu al degrees of
freedom as a resu l t of the la r ge s a mple si ze as indicated i n
Tab le 53 , i t i s concluded t hat t he t wo - way i n teraction of
g ra d ient and we a t he r is of no p ra c tical i mporta nc e and c an be
i gno re~ .
The va r iable t hat accoun ts f o r, by f a r, t he great es t
amount of the ex pla i ned variation i n t he elapsed time data i s
queue pos ition . Th is makes sense , of c ou rse , as more time i s
r e qu ire d f or veh icles l a t e r i n the queue to c lear t ha n f o r
vehicles ear l y in the que ue .
Examinat ion of Table 53 i ndicate s t hat 9 9. 5% o f t he
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exp lained var iation i n t he data is e xp la ined by the effect of
queue pos i tion. acre impo rtant ly , 94 .9% o f the total
variation in the elapsed time da ta is explained by this
vari ab le .
The refore , it is logica l to investigate more fully the
relationship between time from the start of g reen and queue
posi tion . However , before proceeding with attempts to
dete r mi ne t h i s r elationsh i p, it i s firs t necessa r y to check
the assumpt ions upon which t h e ana lys is of variance technique
is based t o ensu re t h a t a ny inferences that have been drawn
are ve l Id ,
11.3 ve rificat i on of assumptions
These assumpt io ns were described previously , a nd are
repeated here for convenience:
L additivity
2. i ndepende nt er rors
3. Normally distributed errors, and
4. homogeneous error variances .
The f i rs t assumption , that of add itivity , says t hat the
value of the response variable i s eq ua l to a quantity
depending on the experimental conditions and the experimental
un i t pl us a qua ntity depend ing on the trea tment used . This
i s us ua lly considered a reasonable assumpt ion to make . 214
The s eco nd assumption , that of independent errors, says
that there is no correlat ion of error terms , t hat the va lue
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of any error te rm i s not influence d by t he va lue of any other
e rror term . This assumpt ion was checked by means of a visua l
inspec t io n co nducted on a n excerpt of er ror terms from t he
r e s i dua l database. The results , co nta ined i n Appendix S ,
Excerpt from database of r es i du al s r eSUlt i ng from ANOVA
procedur e on e l a ps ed time da tabase, indicate that t he residua l
signs a re randomly o r dere d a nd t ha t t he r e is no correla t ion
be t ween e r ror t erms a
The third a s s ump t i on is th at the e r ror t e r ms are Normally
d istributed . A frequency d is t ribut ion plot f o r the e r ror
t e r ms is con ta ined in Fig ure 75 , Distr ib u t ion o f residuals
afte r ANOVA p r ocedu r e on e lapsed time database . It ca n be
seen f rom Figure 75 tha t the distribution is sufficiently
Normal in shape to conside r t he thi r d assumpt io n to be va lid ,
especia lly in light of the robustness of t he ana lysis of
variance technique to s light depa rtures f rom Normality .2lS
The fourth, an d fina l assumpt ion , of homoge ne ous e r r or
va riances , says that the popula tion variance for each group
of observa t io ns is the same. The assumption of e rror va r iance
homoge neity wa s checked by means of Coch ran's Tes t . The
results of this test , con tained in Appe nd i x T , Cochran's Te s t
o f e lapsed time data for varianc e homogeneity, i nd i cate t hat
the e r ro r va r iances are no t homogeneo us. The re fore , the
fourth assumption upon whi ch t he Ana l ysis of variance
technique is based i s no t valid .












Figu re 75 Dist ribution of residual s afte r second ANOVA
pr oced ure
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for t he variable of que ue pcs Lt.Lon , t he var iance increases
with inc r easing va lues of queu e posit ion . This obse rva tion
should not be enti re ly un e xpected . I t is l og i cal to e xpec t
that t here wou Id be g rea rgr va riabil i ty i n elapsed time s f or
posit ions l ate r i n the queu e .
However, bec au s e this f ou r th ass umpti on is not va lid ,
t he e lapsed time dat a will have to be t r ansformed in an effort
t o being t he data i nto l ine wi th the r e quired as s u mptions .
lle4 Tr ansformation of the elapsed time data
As noted ab ove , the elaps ed time da ta h a s to be
transfo rmed and t he a na l ysi s of va r iance procedure repeated
fo r the trans f ormed database . Genera lly, when t he va r i anc e
i n c rea s e s l i nea rly wi th the va l ues of the indepe nden t
variable, as ev ide nt in Append ix T, and all value s o f the
dependent var iab le a re pos i tive , a square root transforma t io n
will result i n an ac ceptab le da tabase .
Accord ingly , t h e elap s ed t ime database was transformed
using the COMPUTE p rocedure of t he SPSS/PC s oftware .
11.5 Analysis of the transformed e l aps ed time database
Th e SPSS/PC softwa re was aga in used t o perform t he
a n alysis of variance proc ed ure on t he t r ansfor med dat a base .
Th e outpu t f r om this procedure i s co n ta ined i n Appendix u ,
Ou tput from ANOVA p r ocedure o f SPSS/PC software on trans f ormed
e lapsed t i me databa s e . A summary of the r esu l t s c ont a i ne d in
" 8
this output is included Tab le 57, Summary of output f rom ANOVA
p rocedure on transfo rmed e lapsed t i me database .
The results contained i n Tab le 57 are similar to those
obta ined a fte r t he initial analysis of variance procedure was
per formed on the e lapsed t ime database . Again the mai n
e ffects of app roach gradient , veat ue r conditions and queue
pos i tion a re all significant a t t he 1% l evel, and two of the
two - way interaction effects a re a lso s ignificant. The
i ntera ction of app r oach gradient and vehicle pos ition i n the
queue i s significant , a s is the interaction of weather
co nd itions and approach gradient.
However , as with t he original elapsed time database,
although all main effects and two i nte r a c tions are
statistically s ig nificant , the variable that accounts [or the
greatest amoun t of the e xplained variation is queue position.
EXllminllt ion of Table 57 indicates that 99.7% of the exp lained
var iation i n the data is exj; 'lined by t he effect of queue
posi tion . More i mportan t l y, 95 .9% of the total variation in
t he trans f o r med elapsed t ime data is explained by t his
va ria bl e .
Therefore , as with the original elapsed time database ,
it is l og i cal to invest igate the relationship be tween the
square root of e l apsed time from t he start of green and
position i n the queu e.
However , befo re proceeding with attempts to determine
the r elat i ons hi p be t ween t he squa re root of e lapsed time and
3 09
Table 51 s ummar y of o utput from ANOVA proc edure on transfo rmed
e lapsed tim e da tabase
sourc e of calc. remarks
""-<illti2Il <L.L. E
g r ad i ent 54 .1 62 signi f ican t
weat her 1 5 . 843 sign i f i ca n t
pos it i on 11 1 6099 . 4 s ig n i f icant
gradient ! 45.15 sign ifica n t
weathe r
gr adient! 44 1.165 s ig n ifica nt
pos ition
weather! 11 ".950 not s i gni f i c ant
position




queue posit ion , i t is ag ain ne c e s s a ry t o check t he ass umptions
upon which the analysi& o f va r iance tecbntque is ba s e d to
ensure t hat any inferences t hat have been drawn a re val id .
ll a6 Re-verification of assumptions
As previously n o ted , t he fi rs t a ssumption , t hat of
addi tiv i ty , says t hat the v a lue of t he r es pon s e va r iable is
equal t o a quanti ty de pend ing on t he e xpe rime n t a l co ndi t io ns
a nd the experimenta l un it p l us a quantity depending on th e
t rea t ment used . Again, as noted earlie r , thi s i s usu ally
c ons ide r ed a r e as onable assumption t o rnake. 2l 6
The second assumption , t ha t of independen t erro rs , says
t ha t the re is no co rrela t ion of er ror t erms, tha t t he val ue
of any e rror t e r m is not in fluen c ed by t he valu e of an y o the r
erro r term. Th is ass umpt ion was c hec ke d by mea ns of a visu a l
inspec tion conducted o n an ex cerpt of erro r t e r ms f r om the
r e s i du a l da tabase. The res ul ts , contained in Appe ndix V,
Exce rp t from databa s e of r es i dua l s resul ting from ANOVA
procedure on t ransformed e lapsed time databa se , i nd ica t e t ha t
the residual s i gns are randomly o rde red lind tha t t he r e i s no
co r relat ion be twe en er ro r te r ms.
The t hird assumption is that t he e r ro r t erms a re Norma lly
dist ributed . A f r equen c y distribution pl o t for the e r ro r
terms is contained in Fi gure 76, Di stribution of residu al s
a f te r ANOVA proc edu re o n transformed e lapsed t i me databas e .




















Pigu r e 76 Dis t ri bu tion of r e s i dua l s af te r ANOVA p rocedu re on
t r a nsformed e l apsed t i me da tabase
31 2
s uf fic ient ly Normal i n shape t o consider t he t hird a s su mpt i o n
t o be valid , es pec i ally in ligh t of t he robu s t ness of the
an a l ys i s of vari anc e t echnique to s ligh t departures f rom
Normality .217
The f ourth , an d fi na l a ssumption, o f homogeneous error
va riances , s a ys tha t th e populat ion va r iance fo r eac h group
of obse r vations i s the same . The a s su mption of e r r o r varian c e
homoge ne ity was ch ecked by mea ns of Coch ran 's Test. The
r esul t s of this t es t , con ta ined i n Appe ndix W, Cochran ' s Test
of tran s formed e lapsed time da t a for variance homogen eity ,
indica t e t ha t t he e rror va r iances a re homogeneo us. The f our t h
assumption upon wh i c h t he Anal ys i s of Var iance t e chn i q ue i s
based is va l Id ,
The r e f o r e , the conclus ion can be d ra wn tha t all t he
ass umptions upo n whic h the ANOVA pr ocedu re i s based ha ve been
satisfied .
IL1 Relationship of s qua r e root of e l a psed t ill e and que ue
position
As a fi r s t s tep in investigating th e relation s h ip of the
s q ua r e roo t of e lapsed t i me a nd queue pos i tion , t he da ta wa s
p l otted in a s cat te rgraph . The r e s ult in g p lo t i s shewn i n
Fi gu re 77, Plo t of squ are r oot o f e lapsed t ime ve rs us queue
pos it i on .
There is a n obvio us linea r t r en d in the plot con tained
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VEHICLE POSI TION I N THE QUEUE
Figure 17 Pl ot of s qua re r oo t of ela psed t i me vers us que ue
position
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increases , s o does the square root of elapsed time.
Tab le 58 contains the correlation coefficients for the
v a r i ous combinations of the three independent variables ,
approach grad ient, queue p o s i t i on and weather conditions , and
the depe n den t variable, square root of el ap s ed t i me .
The correlation coefficient for the square ro ot of
e lapsed time a nd queue posit ion i s the l a r ges t by far. The
value of the correlation coefficient i s '1.9669. A value of
a correlation coefficient of +1.00lil i ndicates a perfect
positive linear re lationship , so it i s apparent that the
relationship between square root of elapsed time and queue
po sition is strong ly linea r and po sitive.
I t now remains to quantify that re lationship and t o
develop a prediction equation that will enable elapsed time
va lues t o be accurately predicted from values of queue
position .
11.8 Reg r ession of t he s quar e root of elapsed time on qu eu e
position
The ou tput from the reg ress ion of the square root of
elapsed t i me on queue posit ion i s contained in Appendix X,
Output f rom REGRESSION p r oc e dur e in SPSS/PC of square r oo t of
elapsed t i me on queue position . A summary of the resu lts is
included in Ta bl e 59 r Summary of output of regression of
square root of elapsed time on queue posit ion.
As noted previously , the least squares estimation
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Tab le 58 Co r rel a tion c o e ff i c i en t s
Corre lat i o ns: 5QRTELAP GRADIENT POS ITION WEATHER
SQRTELAP 1.111HH' - . U 2 2 . 9 669 . 99 93
GRADIENT - . 111 22 1. '''Je9 - . 13 090 .0 000
POSITION . 966 9 - . 0000 1 . 00 00 .0 1"'0
WEATHER . 0093 . 000 0 .0 900 1.0990
SQRTELAP is the square r oo t o f e lapsed t ime
GRADIENT i s the app roach gradient
POSI TI ON is t h e queue position
WEATHER is t he weathe r cond i tion
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Table 59 Summary of ou tput o f r eg r e s s i on of s quare roo t of
e laps ed t i me on q ueue po sition
R-squa re
s tanda rd e rro r
r-eese s t a t is t i c
cons t ant
slope of
re gr e ssion line
SSE, su m o f s q uares
due t o er ror
SSR, s um of squares









technique wil l always p roduc e a pre d i c t i on eq ua tion r eg a rd less
of whethe r the specified model is co rrect. Beca use of this
fact , measures o f adequacy of t he f it should be exami n ed p r io r
to any a ttempt to in terpret t he p rediction equation .
U.8 .l Pa r t i tion i ng of t he variability
One measu re o f t he v a r iabili ty i n data is a quantity
ca lled t he Adjuste d Total Su m of Sq uares , TSS(adjl. This
quant ity i s the sum o f t he squares of t h e d iffe r ence s bet wee n
each observa tion i n a d a ta se t a nd t he mean of all
obse rv a t i ons .
The Adj us t ed Tota l Sum o f Squa re s c a n be b r oke n down o r
par ti tioned as f ollows :
TSS (ad j) '" SSR + SSE
where SSR • Sum o f Square s d ue to Regression of Y on X
SSE. Sum of Squa res d ue to Error
The Residual Sum o f Sq uares (SSE) measures t he vari -
ab ility in the responses t ha t cannot be attribut ed to the
responses all f alling on the Zi t t e d reg ression line . If the
r e g r e ssion line gives a -good - f it , t he va lue of SSE would be
ve ry sma l l compared t o the value of SSR . A l a r ge r e s i d ual
va r iation , SSE, may mean t ha t the r es i duals a r e l a r ge an d the
f it of the pre di c tion equa tion t o t he ob s e rved dat a i s poo r .
I n sinli la r fa sh i on , a s mal l va l ue f o r SSR may mean the
predicto r va r iable is o f little use i n p red ic ting t h e
r e spollse . 218
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The Sum of Squares due to Regression and the Sum of
Squares due to Error are contained in Table 59, Summary of
ou tput of regression of square root of elapsed t ime on queue
pos ition .
It can be seen from Table 59 that the value of SSE is
smaller than the ve Lee of SSR. The magnitude of the
difference be tween the SSE ana the SSR is such that it can be
concluded that t he calculated reg ression line does yield a
statistically "good" f it to the observed data .
11.8.2 Analysis of varianc e
The part itioning of the tota l variation also enables the
testing of the following hypothesis:
Ho: B equals " Ha: 8 does not equa l "
This amounts to testing the nul l hypothesis of no linear
relationship between the predictor variable and the re sponse
against t h e a lternative that such a r e l a t i ons h i p does exist.
This test may be referred to as testing the significance of
t he regression re lat ionship.219
The cej.cuIat.ed F-sta tistic is con tained in Tab le 59 ,
Summary of output of regress ion of square root of elapsed time
on queue pos ition. The calculated F-statistic Indfce t.es that
there is a highly sign ificant acceptance leve l for the
a lternative hypothesis. In other words , there is strOl"9
indication that a linear relationship exists between the
predictor variable of square root of elapsed t rme ana the
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resp onse va r i able of queue position .
The l eve l of s ig nif i ca nc e i s B. 8"' . This leve l of
signif icance s ee ms t o indicate t hat without a doubt a
s tatis t i c ally significa nt linear r elationship exists .
11.8 .3 Coe f f i c i en t of deter.inatioD
The coeff icien t of de te rmi na tion , n- sque r e , i s a me a s ur e
of t he a s s oc i a t i on be tween t wo variables . I t is helpf ul vben
a t temp ting t o dete rmine or quan t ify i n some f or m t he s t rength
of a relation ship be t ween tw o variables .
Although it is eac tually the square of Pe a rson I e r , a
comp uta tiona l s implifica tion makes it possible t o define
R-Squa re a s
n-squa ee = SSR/(SSR + SSE)
In t hi s fo r m, R- Squa r e c a n be s e en to be the pr opo r tion of
the adjusted va rhtion in the responses that i s att ributed t o
the estimat ed regre s sion line. If t he res iduals a r e s mall ,
then R-Square approac hes a va lue of I. e . If the residuals are
la rg~, t hen R-S quar e app roi;l.ches a va l ue o f 0 . 228
The va lue of a-sque r e fo r t he r e gr es s i on pr oc e dur e t ha t
wa s perfonned i s a l so con tained in Tab l e 59, Summary of ou tput
of r e gr e s sion of square root of e l aps e d t i me o n queu e posi t ion
The coefficie nt o f de te r min a tion i nd icates that 93 . 5% of
the var iabil ity of t he responses ca n be a t t rib ut e d t o the
regress ion of the sq uare root of e lapsed t i me on que ue
pos ition.
32.
" ••• the coefficient of determination (i sl one of the most
important of the adequacy of p red iction
equat ions • • •before confidence can be placed in predictions
from a f itted model , R-Sq uare must be cons ide red suffic iently
l arge by the data analyst. A large value of n-aqua r e does no t
n eces s a r ily g uarantee accurate prediction l . • • J but it s hould
be requi red be fore undue c laims a re made about t he f it t ed
model . 221
Obviously, t he value of a -square tha t has be en calculated
in this experimen t indicates that t he prediction equation that
has been produced by the regression of the square root of
e l aps ed time on queue posit ion is ab le to produce an acc urate
prediction o f t he square root o f elapsed time. Only 6 . 5% of
t he variabil ity I n t he data is left unexplained .
11.8 . 4 Concludi ng dis cu s sion on mea sures o f fi t
I t i s apparent from the p receding sections t ha t the
prediction equation that has been generated during the
regress ion analys is i s capable of accurate ly predicting the
square r oot of e lapsed times, a nd, he nce , e lpased times from
t he s tart of green phase. The variab ility i n the responses
that cannot be a t tributed to the responses a ll fall i ng on the
reg ress ion line (SSE) is sma ll , and the coefficient of
de termination , n-squa ce , i s large , r einf o r c i ng the fact tha t
most o f the variability of the respons es can be accounted for
by t he r e gr e s s i on of the square r oot of elapsed time on queue
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pos ition.
I n additon , t he analysis of variance s ub -procedure i n
the reg ression p ro cedu r e i n d i c at es, at a highly s ignifican t
level, that a l i nea r r elat i on s hip ex i sts between sq uare r oot
of e lapse d time and queue pos i tion.
All measures of f it indicate t hat the r egre s s i on eq ua tion
t hat has been genera ted is c apab le of acc urat ely p redict i ng
va l ues of t he square root o f e lapsed time from the s tar t of
g reen phase .
IL9 Prediction equation
From Append ix X, Outpu t f ro m REGRESS ION procedure i n
SPSS/PC o f s quare root of e l apsed t ime on que ue posi tion, it
can be seen t hat t he re gression coeff i c ients for in t erc e p t
and s lope ha ve been ca lcu lated as 1. 4660 8 and 9.29051
respectively . The s tanda rd errors (5E B) indicate t he
va riabi li ty t hat is associa ted wi th ea ch of t he r egress ion
coefficients .
The e ouatLcn to p red ict t he square r oot o f t he elapsed
time tha t will expire be fo re a pa rticu la r veh icle c lears a
signalized i ntersection in t he City of St . J oh n' s i s given
by:
SQ.RT .T I ME = 1.466 0B + (0 .2905 1 '" POSI TION)
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whe re , SQ.RT .TIME
POSITION
is the square root of predicted t ime ,
in seconds l/2, that e lapses be tween
the start of t he green phase for a n
approach and the time when the
veh icle in the que ue posi tion o f
interest c l ea rs the i nt e r s ection , a nd
i s t he number of the que ue rosi tion
f or t he veh icle of i nt ere s t .
Of co urse, i n the r e a l wor ld, the squa re root of the t ime
t ha t elapses be tween the start of a green phase fo r an
approach and the t i me whe n a vehic l e in t he queue position of
in te rest c lears the i n t e r s ec t i on is of li t tle in terest. The
actual quanti ty o f in terest is t h e rea l time that elapses .
Therefore , it is necessary to manipulate t he predic tion
equa tion no ted above into the following form ;
TIME'" (1. 46608 + ( 0 . 29 051 '" POSITION)2
whe r e , TIME i s t h e p red i cted t i me , i n seconds , t ha t
e laps es be twe en t he star t of the green
phase f o r an approac h an d t he time when
the ve hicle i n the queue p os ition o f
i nte r e s t clea rs t he intersec tion , a nd
323
of the
POSIT ION is the number of t he queue position fo r
the vehicle of interest.
Ta ble 6'1, Predicted e lapsed times, con tains the predicted
values of e lapsed time for each of t he queue posit ions. Tab le
6" a lso contains t he 95% confidence i n t e r va l limits fo r each
position . It can be seen, fu r each queue posit ion , that the
r an ge of e lapsed t i me s contained in t he 95% conf idence
i nterval i s small. This is as would be expected given the
relatively small va lues for the standard
estimates o f the regression coefficients.
The small confidence interval does not exceed the ten
per cent va lue for change in e lapsed time that has been
selected as being of practical impo rtance . This means that
the co nfidence l e ve l limits are of no practical importance
other than t o show t ha t the predicted va lues are acc ur ate
estimates .
The fo llowing calculation is offered as an examp le of
how t he prediction equa t i on ca n be used t o predict t he time
that will e lapse be f o r e eight vehic les clear an intersect ion :
TIME'" (1.466'18 + <e.29051 * 8»2"" 14. 36 seconds.
When the 95% confidence i n t erva l is calcul a t ed as 14 .168
to 14. 575, i t can be seen that the diffe re nce of 0 . Us
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Table 68 Pred icted e lapsed times
predicted lower uppe r
po sition elapsed time interval interval
3 . 0 9 3 . "3 3 . 14
4. 19 4.12 4 . 26
5. 46 5 . 38 5 .5 5
6.91 6.89 7 . £Il
8.52 8 .39 8 . 65
10 . 30 10 . 15 lB .45
1 2 . 25 1 2.97 1 2 . 43
1 4 .3 6 14 .1 6 14 . 57
16 .6 5 16 . 42 16. 8 9
,. 19.11 18 . 84 1 9. 3 8
11 21.73 21 . 43 22.03
1 2 24 . 5 2 24.19 24. 86
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represents less than 3% of the predicted elapsed time and is
of no practical i mportance .
11.HJ Conclusions
There is a strong l ine ar , positive co rrelation between
t he t i me t ha t e lapses befo re a vehicle c lears a s ignalized
i n te rsec tion and the position of t hat vehicle in the queue .
The p re diction eq uat ion generated by the reg ression of the
squa re root of elapsed time on position in the queue is an
accurate predictor of e lapsed time from the start o f green
fo r t he first twe l ve que ue positions a t signalized
intersections in t he Ci ty o f s t . J ohn ' s.
326
CHAPT ER TWELVE
12.1 SUMMARY AND CONCLUSIONS
12.1 Summary
The effect of approach gradient , weathe r co nditions a nd
vehicle position in the queue upon the headweya of vehic les
l eav i ng signalized intersections in the City of St . John's
was inves tigated through the application of statistical
techniques to data t ha t was collected at five selected
approaches to s ig na lized in t e r s ections . This i nvestigation
was performed us i ng a factorial e xper imental design t o
de te rmine which of the factors signif icantly affected the
response va riable, d ischarge headway . An attempt was then
made usi ng r e gr e s s i on t e c hn i que s to de termine the re lationship
between those fac tors a nd vehicle headways.
Dur i ng the reg r ession analysis phase of the exp eriment
i t was concluded that one of t he assumpt ions of r eg r es s i on,
Normality of t he distribution of the error terms, wa s not
valid. Accord i ng ly , the database was transformed t o produce
a more Normal distribution. The factorial experimen t and
regress ion ana lysis were t hen repeated on t he transformed
database.
Many of the facto rs t hat influence traff ic operat ions at
s ignalized inte rsec tions were considered during initia l
e xpe rime ntal design stages. The i nte rsec tion appro aches tha t
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were u l timat el~' 5eJ ected for da ta collection were chosen so
that t he effects of all factors except t hos e of interest wer e
c ont roll ed .
Data on ve hicle headwa ys was collected during t he spring
of 1 9B6 . This data was e ntered into a flat ASCII file and
loaded in to Memoria l Uni ve r s i t y ' s main fram e system, where it
was manipula ted and analyzed us i ng va r i ous proced ur e s of the
SPSS/X s ta tis tica l so ftwa re package.
The fa cto r i al e xperiment t ha t was performed i nd i c a t ed a
s ta tis t ically signif icant i n te raction between weather
con d it i ons a nd approac h gradie nt . Howe ver, s ubs e que n t
attemp ts , through reg ress ion procedures , t o form ulate
eq ua t i ons quantifying t he r elat io ns h i p be t wee n appr oa ch
gradient a nd vehicle hea dwa y a t each level of t he weather
c ondit i on factor were not ve ry successfuL
consequen t exa mination of the data revealed an error i n
the da tabase that had been us ed during those r eg r e s s i on
p rocedures . When the r eg r e ssion procedures were pe rfo r med on
the corrected da t aba s e , the r e s ul t s were la rge ly unchanged ill
that no p ra ctical r e lationship cou ld be quantif i ed be tween
app roach grad ien t and di s cha rg e headways .
Howeve r , a p rac t ica l and statistically s i gnif ican t
relationship was developed between t he elapsed time f ro m t he
star t of t he g reen phase a nd ve h icle positi on in the que ue.
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12.2 Conclusions
The primary objective of the experiment was to analysis
the effects that the factors of weathe r con ditions, vehicle
position in the queue and approach gradient might hav e on
discharge headways at signalized intersections in the City of
St . John 's.
The results of the factoria l experiment that was
performed on t he headway data indicated tha t t he main effects
of each of these three factors on the response variable of
vehicle discharge head ways was statistically significant at
the 1% level . However, t h e resu lts of the factorial
experiment also indicated that there was significant
in terac tion between the factors of weathe r conditions and
approach gradien t. Because of this interaction, the mai n
effects by themselves ceased to have much mean ing.
It was concluded , therefore , tha t the effect of approach
g rad ient on vehicle discha rge headways at any specific time
depended on the weather conditions that existed on t ha t
approach at that time. Ana l ys i s of the data indicated that,
genera l l y , d ischarge headways were less under fair weathe r
condi tions than they were when weather conditions were
c lassified as poo r. Howeve r , because of the significant
inte raction between weather and gradient, a nd because weathe r
condi tions are co nsidered qua l itative , the effect of approach
gradient on d ischarge haad waya was exam ined separately a t each
leve l of the weather condit ion facto r.
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However , a p reClictio n equation was deve .Ioped to desc r ibe
the relat ionship between the dependent variable , eLap aed t i me
f r om the start of the gree n phase at a ~igna lizeCl
intersec t ion , which i s re lated to discha rge headway , a nd t he
i nde penden t va r iable , vehic le pos i tion i n the que ue.
It i s co nc luded th a t this equation is a practical
p red ict ion e qua tion wi t h excellent predictive capabi lities .
This equat ion is stated as :
TI ME." {1. 46608 + {0 .2905 1 * POSITlON))2
T IMEwbere , is t he predicted time , i n seconds ,
t ha t e lapses betwee n the star t of
t he g reen phase for an approach and
the time when the vehic le i n the
queue pos i tion of interest clea rs
the in tersection, and
POSI TI ON is the nu mbe r of t he que ue pos i tion
fo r the vehicle of i n t ere s t .
This prediction eq ua t ion accounts fo r 93.5% of t he
va ri a bi li t y in the obse rved data.
Howev e r , i t must be not e d that this eq uation can only be
app ro p r i a t ely applie d to inte r section approaches in the
Col umbus Drive/Princ e Philip Driv e cor r idor , as this wa s t he
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The seconda ry ob ject ive of the .experiment , t o quantify
the re lationship between approach gradient and di:"charge
headways unde r fair and poor weather conditions , was not
completed a s s ucc e s s f u l l y as was the primary objective . The
r e gression procedure produced equat ions with very low values
of t he co efficients of dete rminat ion , indicating t ha t little
of the va riabi li ty in the responses was being accounted f o r
by the regression equation . At t he s ame time , the s ig -
n i f i c a nc e l eve l o f t he F-test p rocedure that was pe r f o r med as
pa rt of the regression p rocedure gave indicat ions that a
s trong l i nea r re lationship existed between approach gradient
a nd d ischarge headway. However , i t was con cluded t ha t the
significant r es ult o f t he F-test procedure was a result of
the l a r ge number of residua l deg rees of freedom resulting from
the ve r y l a r ge database .
It was al so concluded t hat, although it has been
established t hat the differences in discharge headways on
different approach gradients are s t at i s t i c a lly significant ,
the signif i cance of those diffe r e nc e s is, for the most part ,
a result of the large samp le s i ze , and, more i mportantl y , is
of no practical impor tance .
I t was further conc luded t hat there is no practical
quanti fiable re lation ship between app roach gradient and
discharge headways the approaches t o signa lized
inte r sections in the City of St . John's .
330
locat ion of the approaches upon which the ini tial da ta was
coll ect ed .
Traff i c flows in t his high sp ee d commute r co rr idor may
have signif icantly different cha rac ter is tics than flows in
ot he r a reas of t h e City of St . John ' s , and t he p r edi c t i on
equation that has been dev eloped sho u ld be used wit h caution
if it i s applied i n other areas of the Ci t y.
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Appendix A
signalized intersect ion approach eetecese
Th i s Append i x cont ains a database consis t ing of the leve ls of
the va rious fac t ors lis ted i n Tabl e 3 f or each of the two
hu nd r ed and for ty signalized in t e r sect i on app roac hes i n
the City of St. Joh n 's
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This Appendi x contains a database c on sistin9 o f t he l e ve l s of
t he vadou s factors listed i n Ta bl e 3 f or ea ch of the t va
hund red ana f orty si9na li ze d i n t ersec tion approa c he s in
t he City o f st. J ohn' s
1 2 3 4 5 6 7 8 9 HI 11 12 13 14 15
1 N ad eq . N min . G 2 N oe n G U 50 N 100 c o llector
1 5 adeq , N min .G 2 N OCD G U 58 N 100 collec tor
1 E adeq , Y min ..G 2 N OCD G U 50 N 100 arterial
1 w ad eq , Y min .G 2 N OCD G U 50 N 100 arterial
2 N edeq , Y min.G 2 N OCD G U 50 N 19 9 loca l
2 E a de q . Y mil1.G 2 N OCD G U 50 N 100 a rteria l
2 w ade q , Y min .G 2 II OCD G U 50 N Hl0 a r terial
J N ad eq , Y min .G 2 N OCD G U 7 0 N 199 a rte ri a l
3 5 adeq , Y min .G 2 N UCD G U 70 N 190 a r terial
3 E a deq , Y min. G 2 N OCD G 5 50 N 100 ar t e ri a l
3 w a deq. Y min .G 2 N OCD G S 50 N 199 arterial
4 N a deq .. N min.G 2 N SRA G U 59 N 190 l ocal
4 E adeq . Y mi n . G 2 N SRA G 5 50 N 100 arte rial
4 w adeq. Y min .G 2 N SRA G S 50 N 100 art e ria l
5 N adeq; Y min.G 2 N SRA G S 70 N 10 1:1 a rterial
5 S adeq. Y lIi n . G 2 N SRA G S 70 N 100 arterial
5 w adeq .. N mi n .G 2 N SRA G U 7 0 N 101:1 collector
7 N adeq . Y . i n . G 2 N SRA G S 70 N 190 ar t erial
7 5 adeq . Y mi n .G 2 N SRA G S 7S N 180 arterial
7 E adeq , N llIi n .G 2 Y SRA G S 58 N 180 a r terial
7 w e de q , N min . G 2 Y SRA G S 58 N 190 coEector
8 N a deq .. Y lIi n . G 2 N 8RA G U 71:1 Y 188 arterial
8 S adeq .. Y min .G 2 N SRA G U 7 0 N 100 a rterial
6 E adeq . N lIi n . G 2 Y SRA G 5 50 N 100 co llec to r
8 w a de q . N mi n . G 2 Y SRA G 5 50 N 100 l oca l
9 N e eeq, Y lDin .G '2 N 8RA G U 70 N 100 arterial
9 S a deq , Y ll i n . G 2 N SRA G U 10 N liB a rterial
9 E a deq .. Y mi n .G 2 N SRA G U 50 N 109 arterial
9 w adeq .. Y min .G 2 N 8RA G U 50 N 100 local
10 N edeq, N min .G 2 N OCD G U 58 N 10 1! l o cal
18 E adeq .. Y mi n.G 2 N OCD G U 58 N HH' arterial
18 w a deq . Y min .G 2 N DeD G U 59 N 100 a rte r ia l
1 2 N adeq . N min .G 2 N OCD G U 59 Y 108 co llec to r
1 2 E adeq . Y mi n .G 2 N OCD G 8 50 Y 10 9 art e ria l
12 W a deq , Y min.G 2 N ocn G 8 50 Y 100 arterial
13 5 e de q , N min .G 2 N OCD G U 59 Y 100 loca l
13 E ade q . Y mi n .G 2 N OCD G U 50 Y HH' a r t e ri a l
13 W ad eq , Y min.G 2 N OCD G U 59 Y 19 0 art e ria l
14 N inade qN min.P 2 N OCD G S 50 N 100 colle cto r
14 5 adeq . N lllin.P 2 Y OCD G 5 59 N 1lJ0 collector
14 E adeq . N lIlin . G 2 N OCD G U 59 Y 10 0 a rte rial
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1 2 3 4 5 6 7 8 9 19 11 1 2 13 14 1 5
14 W ade q , i' min .G 2 N OCD G U 5" N
15 N e .req , N :lIi n . G 2 N OCD G 8 59 N
15 8 edeq, N min. G 2 N OCD G 8 59 N
15 ':: adeq , N min.G 2 Y OCD G U 59 N
15 w ed eq , N mi n . G 2 N OCD G U 50 N
1fi N adeq . Y mi n .G 2 N SRA G U 50 N
10 8 adeq , Y min .G 2 N 8RA G U 50 N
: 6 E ad eq , Y mi n .G 2 N 8RA G 8 70 N
16 w adeq , Y min . G 2 N 8RA G 8 70 N
17 N adeq , N mi n . G 2 N 8RA G U 50 N
17 E edeq , Y mi n . G 2 N 8RA G U 70 N
17 W adeq . Y mi n . G 2 N 8RA G U 70 N
18 N adeq , Y mi n . G 2 N SRA G U 50 N
18 8 ade q , N :nin .G 2 Y 8RA G U 50 N
1 8 E adeq . Y maj .r :: N 8RA G U 7S N
18 W adeq . Y min.G 2 N 8RA G U 70 N
19 N adeq . Y min .G 2 N 8RA G U 59 N
19 8 ad eq , Y mi n.P 2 N 8RA G U 59 N
19 E edeq , Y mi n . G 2 N 8RA G U 7B N
19 W adeq , Y min .G 2 N 8RA G U 7lJ N
21 N adeq , N mi n . G 2 N 8RA G U 59 Y
21 E adeC!. Y Dlin .G 2 N 8RA G 8 79 N
21 w adeq , Y mi n . G 2 N 8RA G 8 7iI Y
22 N adeq. Y mi n.P 2 N 8RA G U 59 N
22 8 adeq , Y mi n . P 2 N 8RA G U 50 N
22 E edeq, Y mi n . G 2 N 8RA G U 79 N
22 W edeq , Y mi n .G 2 N 8RA G US" N
23 N edeq, Y mi n .G 2 N OCD G U 59 N
23 8 edeq, Y min .G 2 N OCD G 59 N
23 E adeq , Y mi n.G 2 N OCD G 5" N
23 w a deq . Y min.G 2 N OCD G 59 N
2 4 N ed eq , Y min . G 2 N 8RA G 59 N
24 S e de q , Y min .G 2 N 8RA G 50 N
24 w adeq , N mi n .G 2 N 8RA G 59 N
25 N adeq , Y rllin .G 2 N 8RA G 59 N
25 S ad eq. Y min . G 2 N 8RA G 5" N
25 E ade q , N mi n . G 2 Y 8RA G 5" N
25 W adeq . N mi n .G 2 Y 8RA G 50 N
26 N i nadeqN min.G 2 N 8RA G 5" Y
26 E adeq , Y min .G 2 N 8RA G 59 N
26 W adeq , Y mi n . G 2 Y 8RA G 5" Y
27 N ad e q , Y mi n . G 2 N 8RA G 59 N
27 8 ede q , Y min.G 2 N 8RA G 51! Y
27 E edeq , N min.G 2 N 8RA G 59 N
27 W ad e q , N min .G 2 N 8RA G 50 N
28 N inadeqN min .G 2 Y RC G 50 N
28 S inadeqN min.G 2 N RC G 50 N
2 8 E ade q . Nmin.G2Y RCG 5"N
28 W i nad eqN maj.G 2 N RC G 50 N
2 9 N a de q , N min.G 2 N RC G 59 N
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10D a rterial
10 0 c ollecto r
100 c ollecto r
100 l ocal
100 c o llector
10 0 collec t or
100 collec to r
10 9 a r te r i a 1
Ii10 e r eer ial
100 loca l
190 a r t e r La f
109 a r ter ial
109 l oc al
109 collector
100 arterial
100 a rt e ri al
100 c ollector
lee ar teria l
100 a r t e r ial
100 a r t e rial
100 local
101l a r t e ri a l
lll0 ar terial
100 arteria l
109 ar ter ial
100 a r terial
109 a r terial
80 a r t e ria l
80 a rterial
89 ar te ria l
8e a rterial
aa ar teria l
80 arterial
80 a r te ria l
90 ar terial
90 a r te ria l
90 co llecto r
90 c o llec to r
60 collector
69 a r ter ia l
6 0 arte ri a l
80 a r te rial
B0 arterial
80 ar t e rial
B9 a r t e ria l
B0 collector
B0 collector
aa a rte r ia l
B0 a r t e ri a l
80 a rte r ia l
l ' 3 • 5 6 7 B 9 Hi 11 12 13 14 15
-------- -- ---------- ---------------------------- -
29 5 ade q , N min .G 2 N RC G U 5. N 89 a rt erial
29 £ adeq . N mi n . G 2 N RC G S SO N 89 co l l ector
29 w adeq , N mi n .G 2 N RC G S SON 89 col lec tor
3i1 N adeq . N mi n . G 2 N RC G U 5. N 89 a rt erial
30 S edeq , N mi n . G 2 N RC G U 5. N 88 ar t erial
3B E edeq , N mi n . G 2 N RC G U 5' N 80 collector
39 w adeq , N rain .P 2 Y RC G U 5' N 89 co l lector
31 N adeq , N .lin . G 2 Y RC G U SO N 89 arterial
31 S adeq , N mi n . G 2 y RC G U 5' N 89 arterial
31 E ade q , N min.G 2 Y RC G U 5. N 89 co llector
3 1 w adeq , Y mi n .G 2 N RC G U 5' N 88 co l lector
32 N eeeq , N min .G 2 Y RC G U 5. N 59 art e ria l
3 2 S eae q , N min .G 2 Y RC G U 5. N 59 a rterial
32 E adeq , N mi n.G 2 N RC G U 5' N 59 co l lector
32 w adeq. N mi n .G 2 N RC G U 5. N 59 co llect or
33 N ade q . Y mi n .G 2 N 8RA G U 5' N 7111 a rt e rial
33 5 ad eq , Y mi n .G 2 N 8RA G U 5. Y 79 art erial
33 E ade q , N min . G 2 N 8RA G U 5' N Ul art e rial
33 w edeq , N mi n .G 2 Y 8RA G U SON 79 a rt e r ia l
3 4 N a de q , N mi n . P 2 N 8RA G S 5. N HHI ar teria l
34 S adeq , N mi n .G 2 N SRA G S SO N 10 9 arterial
34 E a d eq , N min .G 2 N aRA G u 5. N 199 art e rial
34 W adeq , N llIin .G 2 N SRA G U 5. N 199 arterial
35 N eeeq , N min.G 2 Y RC G U 5 ' N 60 col l ec t o r
35 a adeq . N min.G 2 Y RC G U 5' N 68 co llec to r
35 E adeq , N mi n .G 2 N RC G S SO N 60 art erial
3S w adeq , N llIin .G 2 Y ReG S 5. N 60 a rt e rial
36 N adeq . N mi n .G 2 Y RC P S 5. N 60 co l lect o r
36 a adeq . N llli n . G 2 Y RC P S 5. N 68 col l e c t o r
36 E edeq , N mi n . G 2 N RC P S 5 ' N 61 ar t2rial
36 W adeq . N min . G 2 Y RC P S 5' N 69 ar t e r ial
37 N edeq , Y mi n . P 2 N RC G U 5. N 79 collec tor
37 S adeq , N lIi n . G 2 y RC G U 5. N 71 col l ector
37 E adeq , Y min.G 2 N RC G U SON 7 9 ar terial
37 w adeq , N mi n .G 2 N RC G U 5. N 79 ar t erial
38 N ede q , N lIi n . G 2 Y RC G S 5. N 78 col l ec to r
38 S adeq. N Illin.G 2 Y RC G S 5 ' N 73 col l ector
38 E adeq , N mi n.G 2 Y RC G U 5 ' N 7 9 a rteria l
38 w edeq , N mi n .G 2 N RC G U 5 ' Y 79 ar ter ial
39 a adeq . N min .G 2 Y RC P U 5' N 80 a rterial
39 E i nadeqN mi n .G 2 N RC P U 5' N B0 co l l e c to r
39 W ade q , Y mi n.G J: N RC P U 5. N 81' a rte rial
40 N ade q. N min.P 2 Y RC G S 5' N 7 8 col l ector
48 5 adeq , N mi n.P 2 Y RC G S SON 70 co l lecto r
49 E edeq , N mi n .G 2 Y RC G S 5. N 70 arter ia l
49 W ade q . N min . G 2 Y RC G S 50N 7 0 a rt e rial
41 N adeq , N min .G 2 Y esc G U 5' N 8e a rt e rial
41 E edeq , Y min. G 2 N c an G u 5. N 8 9 arte rial
41 W ade- ", Y mi n .G 2 N CBD G U 5 ' Y 80 arterial
4 2 N adeq , N mi"'l.G 2 N CBO G U 5 ' N 89 col lect or
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42 S ad eq , N min .G 2 N can G u 50 N 80 co l lecto r
42 E ad eq , Y min.G 2 N CBo G U 50Y 80 a r t e r i a l
4 2 w adeq , Y mi n . G 2 Y CBD G U 50N 80 a r t e ri a l
43 N adeq , N min.G 2 N CBO G S 50N 80 collector
43 5 adeq , N mi n . G 2 N CBO G S 50N 80 co llecto r
43 E aeeq , Y min .G 2 N c eo G u 50Y 80 a r t e r i al
43 W ad e q . Y min .G 2 N CBD G U 50Y 80 arterial
44 H ade q . N mi n .P 2 N CBD G U 50N 8'1 co llector
4 4 E a deq . Y min . G 2 N CBO G U 50Y 811 a r t erial
44 W ade q . Y min .G 2 N CBD G U 50N B9 a r te r ia l
46 N ade q , N min . G 2 y csn G u 50 N aa co llector
46 S eceq , N mi n.G 2 N CBD G U 5' N B9 co llector
46 E adeq , Y min .G 2 Y CBO G U 5. N 89 arteria l
46 W ede q , Y mi n . G 2 N C50 G U 50Y 80 a rterial
47 S adeq , N mi n . G 2 N CBD G U 5' Y 80 a rte ria l
47 E adeq , Y min .G 2 y can G u 5. Y 89 arteria l
47 w ad eq . Y min .G 2 N ceo G u 50N 80 arterial
48 N ad e.q , N D1 i n . G 2 N CBO G U 50 N 811 c ollector
48 E ade q , N min . G 2 N ceo G u 50Y 89 c ollector
48 w ad e q , Y .. in . G 2 N CBO G U 50Y 88 a rterial
49 N edeq , N mi n . G 2 Y ceo G u 50Y 811 l ocal
49 E ad e q . Y mi n . G 2 y ceo G u 50Y 811 c ollector
49 w adeq . Y min.G 2 y ceo G u SOY 811 collecto r
5" N adeq . N mi n . G 2 Y ceo G u SO N 8" l oc a l
511 S ed e q , N mi n . G 2 Y ceo G s SO N 88 local
58 E ade q , N rnaj .P 2 Y ceo G u 5. Y 811 c o llector
59 W adeq , Y ma j.p 2 y ceo G u 50 Y 811 co l l e c to r
51 N ade q . N mi n . P 2 y ceo G s SO N 88 l ocal
51 E eaeq, Y mi n . P 2 y ceo G u 50Y 89 c o l l e c t o r
51 W adeq , N mi n . P 2 Y ceo G u SOY 80 c ollector
52 N eaeq , N mi n .G 2 N ceo G u 50N 88 l ocal
52 S adeq. N min.G 2 N ceo G S SON 88 l oc a l
52 E adeq , Y min. P 2 Y ceo G u 50 Y 89 col lector
52 wadeq , Y min .P 2 y c an G u 50 Y a8 c o llec t o r
53 S ad eq , N maj .G 2 Y CBn G U 50Y 80 l oc al
53 E adeq , Y min .G 2 Y CaD G u SOy 80 co llector
53 w ad e q , N min .P 2 Y can G u 5 ' Y ea co l lecto r
54 N a deq . Y min.P 2 N CBO G S 50N 6" e r t e r Le I
54 S a deq , Y min .G 2 N CaD G s 5' Y 6S a r te ria l
54 E e de q , N mi n.G 2 N ceo G U 5 ' N 60 co l lecto r
54 W a deq , N mi n .G 2 N CaD G u 50 N 60 co llector
55 N i na deqY min . G I N CBO G U 50 N 80 a r terial
55 S ede q , N min .P I N CBO G U 50 N 80 arter i a l
55 E ed e q , Y mi n . G 2 N CBO G S 5. N 80 co llecto r
55 W ede q , N min.G 2 N c so G S 50N 811 co l lecto r
56 N adeq . N mi n .G 2 N SRA G U 5. N 60 co llector
56 S e deq , N min .G 2 Y SRA G U 5' N 611 co llector
56 E e deq , N min .G 2 Y SRA G U 5. N 60 co l l ec tor
56 W edeq , N min. G 2 Y SRA G U 5" N 611 collector
57 N ed eq , N min . G 2 N 8 RA G U 5. N 80 oc t rec cc r
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51 8 adeq , N min .G 2 N 8 RA G U 50 N
57 E ad eq , N min . G 2 rl 8RA G U 50 N
51 W adeq , N lli n . G 2 N 8RA GUS" N
58 N adeq , N a in .G 2 N OCD P 8 5 9 N
58 8 adeq . N mi n . G 2 N OCD P 8 50 N
58 I:; ad eq . Y mi n . G 2 N OCD P U 50 Y
5 f1 W adeq . N lIi n .G 2 N OCD P U 5£1 N
59 N a de q , N mi n . G 2 N OCD G 8 SB N
59 8 ad eq , N adn . G 2 N OCD G 8 5B N
59 E ad eq , Y lIIi n . G 2 N OCD G U 5111 N
59 W ad eq . Y JII i n . G 2 N OCD G U 5£1 N
6B N adeq . Y nd n.G 2 N OCD G S 5 S N
6(l S a d eq , Y min. G 2 N OCD G 8 50 N
6(l W e e e q , N mi n.G 2 N OCD G U 58 N
61 N i na de qY rd n .P 2 N CaD G S 50 N
61 8 ad eq , Y II'Il n . G 2 N can G U 5 0 N
61 W ad eq , Y mi n . G 2 N c sn G U 5 0 N
62 N a d e q . N mi n.P 2N RC G 8 50"
62 8 a d eq , N mi n . P 2 " RC G 8 5 0 N
6 2 E adaq , N min . G 2 N RC G U 5 0 N
6 2 W ad eq , N min . G 2 N RC G U 5 0 N
6 3 N adeq . Y min . G 2 N 8RA G U 5 111 Y
63 8 ad eq , Y mi n . G 2 N 8 RA G U 50 N
6 3 E ed eq , N ml n .G 2 N 8RA G U 5 8 Y
63 W adeq , N min .G 2 Y 8RA G U 5 0 N
6 4 N a d eq , N mi n .G 2 N OCD G U 50 N
6 4 E adeq , Y lI in .G 2 N OCD G 8 5 0 N
6 4 W adeq , Y ml n . G 2 N OCD G 8 5 0 N
6 5 N adeq . N mi n . G 2 N 8 RA G u 5 8 N
65 8 adeq. N lIIin .G 2 N 8RA G U 50 N
6 5 E adeq , Y 1I1n . P 2 N 8RA G U 7i1 N
6 5 N eeeq , Y mi n . P 2 N 8RA G U 7 8 N
66 N adeq , N mi n . P 2 N 8RA G 8 58 N
66 8 edeq , N mi n . P 2 N 8RA G 8 58 N
66 E adeq , N mi n . P 2 Y 8RA G U 5 0 N
6 6 W a deq , N Id n . P 2 Y 8RA G U 5 0 N
6 8 S a d e q , N .in .G 2 N 8RA G U 5 0 N
68 E adeq . Y ain.G 2 N 8RA G S 5 0 N
68 W adeq , Y mi n .G 2 N 8RA G S 5B N
6 9 N adeq , Y mi n.G 2 N 8RA G U 5 8 N
698 edeq , Y ml n .G 2 N 8RA G U 50 N
69 E ad eq , N mln .P 2 N 8RA G U 5 0 N
7£1 W adeq , N min .G 2 N 8RA G 8 50 N
7 111 8 adeq , N min.G 2 Y 8RA G S 5B N
7111 E adeq , Y min.G 2 Y 8RA G U 50 N
7111 W adeq , Y mi n . G 2 Y 8RA G U 50 N
71 N ad eq , N mi n.G 2 N 8RA G U S0 N
71 E ad e q , Y mi n .G 2 N 8RA G U 78 N
71 w ad eq , v mi n .G 2 N 8RA G U i e N
72 N ad eq , Y min.G 2 N 8RA G U 5S N
35.
80 c o l l ec t o r
B0 ar t er i a l
80 a r teria l
7 8 arteria l
7 9 arteri al
7 8 a rterial
7 8 a r teria l
8B c o l lector
88 co llector
B0 a r t e r i a l
80 a r ter i a l
88 a rte rial
80 a r te r ial
68 a r te rial
813 ccme c ec r
80 co l l ector
8 13 c o t r ecece
8 13 a rte ri al
813 col l ector
813 c ollec t o r
813 a r teria l
8 8 a r t e r ial
813 a r terial
813 c o l lec t or
80 collector
fie loc a l
88 ae t.e r La f
fl8 a r te rial
108 l o c a l
100 l oc a l
18 0 a r ee r Laf
19 0 a r t erial
80 c ollec t or
88 co llector
80 a rt e r i a l
88 arte ri a l
70 co l l ec tor
78 a r t e rial
7 8 a r t e ri a l
6 8 a r 't e r La I
6 8 arterial
613 c oll ec t o r
88 co l lector
8 13 collecto r
80 co l lect o r
8 13 collec t or
1 13 0 l oc a l
I I' '' e r c e r Laj,
100 a r t e rial
1 13 0 arte r ia l
1 2 3 4 5 6 7 8 9 HI 11 12 1 3 14 1 5
7 2 S adeq , Y min .G 2 N SM G
72 E ad eq , N min.G 2 N SRA G
73 N ad eq , Y min .G 2 N OCD G
73 S adeq. Y min .G 2 N OCD G
73 E adeq , N min .G 2 N OCD G
73 W adeq , N min .G 2 N OCD G
74 N adeq , Y min.G 2 N OCD G
74 S ad eq , Y min .G 2 N OCD G
74 E ad eq. N Ini n . G 2 N OCD G
COL . DESCRIPTION
50 N 11313 ar ter ia l
513 N HIB loca l
513 N 113 9 arterial
60 N Hl0 ar teria l
50 N 100 collector
50 N lea collec t or
69 N 100 arterial
60 N HIe arterial
50 N 10 13 l oca l
1 intersection i dent if i c a tion numbe r
2 approach direction
3 l a ne width a dequacy
4 turning movement s present
5 p r es ence of pedest rians
6 driving s u r rece c on d it i on
7 type of t raffic operation
8 is pa rking allowed on approach
9 l oca tion t yp e
HI vis ibility of t he signal
11 suitability of a pp r oa c h gradient
1 2 speed limit
13 traffic interference present
14 l e ngth of cyc le
15 c lassifica t ion of s t r e e t
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Appendix 8
Recorded elapsed time data
Th i s Appe ndi x co nta ins the da t aba s e of 18, 296 e lapsed times
t hat were r e corded at t he f ive study i nt ersec t i on approaches





1 S. U 9. 43 10 .65 12 .21 14 .09 15 .6 4 16.88
2 5 .5 2 7 . 99 9.14 Hl. 69 12 .4 7 14 .44
3 4 . 87 7,1) 11' .1'13 11 . 32 1 3 . 26 1 4 .9 7 16. 0 3
4 4 . 78 7.15 HI. HI 11. B ~ 13.65 14. 76 16. 08
5 4 . 99 6 .83 8.3 6 10.50 12 . 38 14 .60 16. 95
• 6 . 83 8 . 98 9 .8 8 11.98 12 . 18 14. 2 0 16. 1 27 6. 1 2 8 .33 11. 44 13 . 7 9 1 5 .70 17 . 91 29 . 50
8 6 .114 8 .02 HJ .87 12 . 8 9 1 3 . 97 16 .12 17 . 46
• 6 . 57 7.99 9 .6 8 1}.04 1 2 .5 4 14 . 61 16.1718 6 . 42 7.85 18. 44 13 . 14 14 . 81 16 . ::'''' 18 .64
11 5 . 24 7. 49 9 . 1il9 11 . ) . 13 . 9 4 1 5. 24 11 .4 2
12 6 .2 0 8.24 1IJ .08 11.52 1 2. 68 14.33 1 8 . 36
1 3 S.U 6.69 8 .54 9 . 84 11 .34 1 2 .73 1 3 .93
14 5 .53 6 . 76 7 . 9 8 9 . 04 11. 32 13 .1:111 14 .18
15 5 .93 8 . 8 4 1 0 .3 9 11 .93 1 4 . 07 14 .95 17 . 31I. 4 .58 5. 99 7 . 29 8.90 U .S) 12 . 34 13 . 86
17 4 . 14 6 .22 9 .18 18 .9 4 12 .89 1 5 . 89 17 .94
18 6 .58 7.7 8 10 .09 11.94 13 . 75 1 5.84 16 . 68
1 . 5 . 77 8 .2 4 10 . 14 13. 46 15 .84 11 . iJ6 1 8 . 6 9
28 5 . 54 7. 91 9 . 50 18 . 81 12 .4 3 13 .55 15 . 45
21 4.7 4 7.46 8 . 80 9. 92 11.68 13 . 11 5 1 6 . 9 4
22 5 .5 2 7. 6 11 9 .114 11.39 13 . 65 16 .71 18 . 89
23 8 .51 18.39 11. 7 8 13 .57 15.81 16 . 25 18.37
24 6 .34 8 . 44 11.94 12 . 8 il 13 .93 1 5 . 87 11.04
25 6 .55 8. 24 11. 08 12 .96 14 .11 1 6 . :0.9 17 .4 8
2. 6 . 75 9. 97 18 .93 12 . 46 14 .38 1 6 . 31 18. 42
27 6 .67 8. 39 9 . 87 11.64 12 .66 14 .35 1 5. 9 9
28 5 .80 9 . 64 !B .91 1 2 .60 14 . 14 1 5. B4 17 . 2B
2. 7. 13 8 .2 7 9 . 65 11.74 14.4 3 16 .6 4 11.72
38 IB .n 13 . 18 15 .34 16.79 19.34 21. 47 23 . 22
31 5 .2 0 6 . 84 8 . 1 2 9 . 66 18. 96 12. 67 14. 47
32 7.0 4 8 .22 9 .40 11 . 1 8 1 3 .14 14 . 91 11.92
33 .. . 38 7.71 9 . 86 11.61 14 . 7 6 16 . 08
34 6 .31 7 .94 9.18 10. 58 1 2 .66 13 . 90 1 5.26
35 7.17 9. 20 10 .45 12.89 14 .56 15.97 16 . 94
3. 7 .2 3 8. 56 10 .3 5 13 .39 14 .48 1 6 .80 17.79
37 6 . 43 8. 83 1 9 . 48 11. 84 13 .98 1 5 . 50 17 .33
38 5 . 09 7. 7 4 9.62 11.85 14.35 1 5 .50 17. 24
3. 5 . 51 6 . 86 8.98 10.87 13.28 15.17 16 . 63
48 5 .8 4 8. 11 9 .15 10 .94 12 . 38 13.64 1 5 . 67
41 4.80 6 . 71 8 .87 9 .96 11 .93 14 .70 16.64
42 4.96 6.84 9 .59 11.53 12 .79 14 .71 16.27
43 5.24 7.14 9 . 91 11 . 84 13. 18 14 . 69 1 5 . 94
44 4 .92 8 . 15 10 .49 13.84 1 5 .78 16.97 18. 24
45 5 .52 7 .44 9.80 11 . 11 12 .3 5 14. 00 1 5 . 3 5
4. 6 . 92 8 .96 11.03 1.l.2 4 13 .64 1 5 . 29 16. 40
47 6 .97 8.95 I D. 85 12.73 14 .14 15.56 17 .41
48 4.94 8. 34 9 .80 12. 21 1 5 .2 8 16. 89 1 8 .HI4' 4.92 7 .30 8.88 11 .64 1 3 .00 14 .90 16 .10
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cycle
58 4 .26 6.91 8 .13 9 .17 Ul .2 1 11.17 12 . 54
51 4.85 6 .6 8 7.87 9 .19 13 .43 14 . 97 18 .15
52 4 .92 7 .84 9 .14 11 .51 12. 75 14 . 74 15 . 95
53 5.8e 6 .73 7 .88 18.94 13 .74 1 4 . 91 16 .25
5' 5 .87 7 .48 18 . 75 11 .9 5 13 .47 14 . 94 16 .46
55 5 .91 7 . 13 9 . 56 11 .52 1 3 . 97 1 5. 74 17.17
56 6.57 8 . 11 9.fl8 11.23 12 . 72 14 . 52 15 .58
57 5 .22 7.79 9 .e9 11 . 75 13 .63 14 .76 16 .93
58 5.78 7 . 86 9 . 46 18 .83 1 2 . 81 14 . 87 15 .24
59 5 . 84 7.57 8. 97 19 .40 13.96 15. 34 16 .90
68 5. 48 6.99 7 .9 1 8 . 91 11. 94 13 .14 15.04
61 1.82 8.98 9 .3 7 lB.7 3 13 .49 15 .98 17.01
62 5 .74 7.38 9 . 16 19 .22 12. 97 14 . 92 15 . 40
63 5 .29 7. 33 lD . 32 11. 67 13 .92 14 . 21 15 .84
6 ' 5 .1 8 6 .54 8 .57 9 .89 11 . 34 13 .64 15 . 63
65 4 .28 5. 76 7 .2 2 8 .88 11.41 1 2 . 97 14 . 45
66 5 . 78 7 . 64 9 .69 11 . 5 8 13 . 39 1 5 . 81 17 . 38
67 5 .3 9 7 . 7 8 9.27 10 . 64 1 2. 29 1 3 . 38 15. 99
68 1. 97 9 . 44 11.96 14 . 63 16 . 69 19 . 01 21.2 4
69 8 .83 19.2 4 11.71 1 3. 64 15 . 27 1 6 . 83 18.7 4
70 5 .8 1 7.44 8. 17 HI .24 12 . 22 13 .5 5 15 . 36
71 7 .96 9.53 11.99 12 .19 13 . 60 15 . 83 16 .7 3
72 5 .98 6.8 4 9 .44 11.64 1 3 . 67 15. 22 17. 17
7 3 5 . 29 7 .26 9 . 97 11.14 12 .96 14 . 77 16 . 2 8
7' 6 .31 7.98 9 .44 HI . 82 13 .56 14 . 18 16 . 22
75 4 .27 6. 19 7.64 9.92 18.11 1 2.41 15 .58
7 6 7 .82 8 .12 11.13 13 . 27 15 .09 16 .2 2 18 . 3 8
77 5 .28 8 .iJl 9 . 19 11.59 13 .45 15. 96 17 . 27
78 4 . 63 6 .66 8 .22 11 .2e 1 2 . 16 17 .63 19 .83
79 4 . 65 7 .35 9 .43 11 . 48 13 .18 14 .81 17 .55
88 4.44 7 .81' 9 .5 4 11.37 14 .11 15 . 27 17 . 62
81 5 .56 6 .99 9 .68 11.18 1 2 . 96 15 . 67 17 . 19
82 4 .82 8 .84 13 . 37 12 . 14 13 .1 7 14 .58 16 .61
83 5 . 16 7 .92 9 .6 5 12.18 13 .58 14 .43 17.79
8. 5 .26 8 .99 18.11 11. 43 1 4 . 94 l7 .iJl 18 . 22
85 5 .21 7 .0 7 8. 42 9.87 11.82 13 .2 4 15. 98
86 5 .54 6.74 8 .48 U . 87 12 . 95 14 . 87 17 . 53
87 4 . 51 7 . 80 9 . 10 19 . 2 9 1 2 . 07 14 . 39 15 .57
88 4 . 89 6 .65 8. 34 9 . 95 11 .65 14 .8 2 16. 02
89 6 . 34 7.73 11. 21 13 .81 15 . 28 17 . 06 18 . 91
98 5 .59 8.9 6 19 .7 4 1 2 . 74 15 . 62 16 . 91 19. 61
91 4 . 31 6 . 25 7 . 59 9 .63 13 . 02 14.68 16 . £1 3
92 5 . 46 6 . 68 9 .42 11 . 55 14 . 84 16 . 54 17 . 17
93 5 . 78 7. 21 8 .98 10 . 58 1 2 . 36 13 . 64 15 . 5 8
9' 6 . 30 8. 17 9 .2 1 10 .84 13.14 14 .9 4 16 . 21
95 6 . 09 7 .9 7 9 . 66 1 2 . 07 13. 94 15 . 82 17 .61
96 4. 26 5 . 74 9. 48 12. 24 1 3 . 44 14 .6 7 17 . 10
97 8 .8 6 9 .96 11. 21 1 2 . 55 1 4. 48 16.73 19 . 51
98 6 .37 8 .56 9 . 81 12.17 14 . 49 16 . 69 18 . 99
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99 5 . 55 1 . 59 8 .87 11. 27 13 . 86 16 .58 18 . 17
188 4 .56 6 .57 8 . 12 10 .29 13 .30 14.49 16 . 16
18 1 5 . 96 7.54 9 .48 U .S 1 1 2 . 29 14.32 16. 7 4
18 2 5 . 9 4 8 .25 9 .69 11.78 1 3 .1 7 1 5. 22 17.14
18 3 4 .9 3 7.10 9 . 32 11. 44 13 .64 1 5. 22 17 . 1 4
18 . 5."'" 6 . 43 B. 1 5 U. ll'l 12. 26 14 .1 4 15.791 85 3 .81 6 .1 '; 7. 97 10 . 9 4 11. 91' 13. 17 14.93
1 06 6 . 42 8 .58 9.98 11. 7 8 1 3 . 60 15 . 06 1 6 . 57
1 07 6 .11 8 . 13 11.24 1 2 . 88 14.92 17 . 61 19. 60
1•• 4 . 53 7 .42 8 .7 k1 10 .4 1 13 .0 5 14 . 34 15 .94
189 2 . 5 9 5 . 14 7 . 43 9 .0 6 10 .9 1 1 2. 57 1 5 .55
11 8 4 .72 6 .69 9 .52 11.1 5 13. 50 16 . 49 1 9 .6 4
111 5 .7 3 7 . 7 0 9 .58 11. 56 1 3 . 50 1 5.14 17 .34
11 2 4 .66 6 . 54 8 . 39 11.34 12. 93 14.57 16. 37
113 8 . 1 5 9 .87 12 . 48 14.9 6 16 . 37 18 . 19 19 . 24
11 . 4 . 87 6 .2 11 7.62 9 . 96 1 2 . 12 13 .59 15.1 9
11 5 5.50 8 .58 ra , '6 13 . 54 15 .52 16.10 1B . 00
11 . 6 . 13 7 .34 9 .21 11.44 13 .9 2 15. 46 1 6 . 14
11 7 8 .U 9.37 U .81 12 . 54 1 5 . 28 17 .37
· 11 8 3 . 52 5 .38 7 .02 9 . U 11. 05 1 2. B7 14. 54
11 9 6.44 B.47 10 .59 1 2 . 21 1 4.31
1 28 6 .27 8. 56 10 .94 13.03 1 5 . 35 18.5 2 20 . 4 2
12 1 7 .11 B.76 10 .55 1 2 . 1 5 14 . 21 15.4 '1 1 9 . 20
1 22 3 . 63 5 .82 9 .40 11.38 1 2 .81 14.47 1 6 . 5 2
123 6 . 37 7 . 69 9. 42 11. 57 12 . 80 1 5.27 1 6 .7 2
124 7.9 9 10 .34 12.40 14 .18 16. 50 18 . 66 21. 31
1 25 6.09 8. 80 10. 22 12 . 1 4 13.34 15. 06 16 .39
12. 3. 94 7. 14 10 .14 11. 55 13.64 15. 61 17.99
12 7 6 . 07 8 . 47 9 . 95 11 . 85 14 . 14 16. 31 18 .0 3
128 5 . 43 7 .76 10. 50 1 2 . 83 15 .9 2 17 .8 1 19 . 55
12. 4 . 2 0 6. 25 7 . 7 4 9 .87 11. 89 13.97 15 .85
138 4 . 81 7. 05 9 .93 11. 23 13 . 16 16. 07 1 8 .80
13 1 6 . 88 7 .99 9 .49 1 2 . 18 14.B3 16.13 18.43
13 2 4 .11 5 . 83 7 .92 9. B8 11. 28 13 .U 14 .97
133 7 . 43 B.50 10 . 97 9 . 58 12 . 41 14 . 69 17.33
13. 5 . 80 7.55 18.94 1 2. 1lJ 14 . '7 15 . 42 1 8 . 28
1 35 4 . 85 8 .11 9 .79 1 2. 08 1 3 . 24 15. 58 17 . 48
13. 4 .28 6 .95 8 .9B 18 .55 11. 67 12. 92 14. 56
137 4 .26 7.26 1 0 .33 1 2 . 69 14 . 80 15. 71 17 . 34
1 38 5 . 34 7 . 81 lL 18 12. 33 1 3 . 95 16. 10 1 8 .8 S
13 9 4 .4 4 6 .28 9 .4 4 11. 39 13 . 10 16. 74 1 B. 31
148 4 . 34 5 . 72 7 . 69 10 . 02 11.75 13. 91 1 5 .7 8
141 5 .04 7. 58 J . 80 11. 3S 12.90 14. 44 1 5 . 6 7
142 5 . 60 9 .67 11. 48 1 2.91 14 .98 16.44 l S. 23
143 5 . 18 S . 07 9 . 3 8 11 . 64 13 .1 S 15. 47 17 . 28
144 4 .1 6 7 . 66 9 . e 8 11 . 87 13 .5 1 15.3 5 17 . 31
14 5 3 .9111 5 .60 7. 5 4 9 .5 7 11 .4 4 1 3. 1 0 1 4 .7 6
14 . 4 .27 7 .2 8 9 .34 H . 61 1 2 . 53 14 . 17 1 5 .75





148 5 .83 6 .79 7.94 11.13 1 2. 27 14 .9 4 15 . 251<. 4.02 5.B7 7 .87 1l.U 1 2 .14 13 .8 7 16 .77
158 5 .43 8 .31 9 .8 7 11.46 13.119 1 5.65 17 .117
151 5 .42 8 .16 9 .93 11.93 l3.iHI 15 .67
152 4 .45 5.14 e.es 19.44 1 2 . 27 13 .64 14 .77
15 3 6 .94 9.67 U . S7 13 .91 14 .34 15.37 17 . 05
15 4 4. 58 1 .24 9.57 1 2 . 41 13.93 15.50 17 . 28
155 5.'9 7 .48 10 . 37 1 2 . 8 4 15 .119 16. 68 17 . 89
156 s . sa 6.11 9 .31 11.34 1 3 . 86 15 . 9 6 19 .34
157 4.U 7 .74 10.62 11.8S 15.42 18 . 90 2it. 51
1 5 8 4 .43 6 .74 9.71 11. 23
15 . 4 . 31 7 .1 6 8 .90 11. 65 13 . 41 15. 12 16 . 53
168 5 .48 7 . 38 8. 64 11.38 12.73 16.1 3 17 . ~ 6
16 1 5 . C5 6.98 8 .20 9.69 11. 57 14.6 8 16. 46
16 2 6 . 71 9 . 29 1 8 .711 11. 79 12.78 14.00 15. 61
163 6 . 4 8 7. 8B 9 . 59 11. 07 1 2 . 79 1 4.89 16.139
164 4 .41 6.90 8 . 22 9 .28 11 . 14 13.2 4 14. 90
165 3. 7 0 5.23 7 . 73 9 . 09 19. 35 12. 01 14.55
16 6 5 . 25 6.48 8 .7 5 18.84 12.15 13. 50 17 . 12
16 7 4.37 6 . 45 7 . 90 9 .27 11. 21 13.49 15 .44
16 8 5 .53 12.84 15.22 17. 97 20. 54 23 .2 0 24.97
16. 6. 11 7 . 51 10.13 11.64 13 .41' 14 .61 15 .85
17 8 4 .53 7 . 36 8 .96 11 .119 13. lHl 15 .42 16. 7 0
17 1 5 .22 6 . 86 8 .59 9.70 13 .10 14.24 15. 73
172 5 .86 8 .1 2 9 .99 l1.76 13.11 14.34 15 .59
173 5 .60 7 . 21 9.88 11.23 12 .32 14.96 16 .07
174 5 .47 7 . 16 8 .16 1 2 . 32 13 .7 2 15 . 44 17 .43
175 3 .61 5 . 27 7.74 9 .6t'I 13.14 14.29 15.87
176 5 .98 7.75 9 .41 11.13 13 .22 14 .97 16 .38
177 5 .33 7 . 31 8 .94 11. 39 13 .14 15 .02 16.95
178 4.87 7 . 13 8 .6 4 10 .77 12 . 84 13 . 9 5 16 .44
17 . 4 .89 7 .3 4 8 .54 10 . 35 13 .8 2 14 .98 16 .58
18 8 5 .2 7 6.78 8 .34 19.33 13.3" 15 .04 IB.m4
18 1 4 .03 5 .81 7 . 30 9 .11 11.31 12.67 13.94
18 2 5 . 26 8 .2 7 11. 41 13 .lHl 14 .85 17.06 1B. 7 4
1 83 6 .00 7 . 23 9. 41 1 2 . 25 13 .98 15 .37 16. 77
1 84 5 .90 7. 88 8 .74 9 .8 7 11 .04 12 .9 7 14. 6 0
1 85 2 .97 5.58 7 .36 Ul .71 1 2 . 34 14 .1 8 15 .43
186 6 .1 7 8 .64 10 .41 13. 22 15 . 26 16 . 86 18 . 67
1 87 6 . 15 7 . 99 9 .58 11. 62 12.74 14. 81 17 . 04
188 5.52 7.82 9.77 11.4 9 14 . 6" 16 .5 1 18 . 14
1 8. 6 . 69 8 .30 9 . 57 11. 53 1 2. 69 14 .18 16 . 20
'.8 5 .76 7 . 44 9 .4 3 11. 80 15 . 94 18 .72 20 .17,., 5.72 7 .67 10 .0 4 11. 57 13 .11 16 .38
' . 2 5 . 9" 8."0 9 .9 3 1 3. 64 15 .11 16 . 78 18. 35
, . 3 4 .8 4 6.81 8 . 77 Ie . 7 4 13. 94 15 . 99 16 .88
, . 4 6 .19 7 .71 8 . 75 1 1.80 1 3 . 25 1 4 . 85 16. 46
' . 5 5 . 49 7.43 9 .72 1 1.14 12.30 13.47 16. 50





197 4 .22 7 .22 8.48 ltl.14 11.65 12.83 14.47
19. 5 .66 8.65 18. 28 11.97 13 .64 19.81' 2e .87
199 S.il7 8.98 9 .62 10 .87 1 2.34 13.74 15 . 0 4
2•• 6 .39 7 .58 9 .49 11. 27 12 .89 1 5. 38 16 . 6 9
2. , 6 . 3 9 8.20 9 .84 12 .7 9 14 . 95 16 .99 18 . 80
2.2 4.91 6.25 7.68 9 . 7 4 11.97 13 . 64 15 .78
2. 3 7.2 9 9.29 ll . .? q 13 .41 15. 02 16 . 65 19. 4020 . 5 .79 7. 20 8. 74 10 . 44 12.3 0 14 . 09 16 ."' 4
2" 6.63 8. 17 Hl .86 13 .0 2 14 .69 1 6 . 42 17. 59
2•• 4 .85 6 .54 8 . 47 9 . 79 19 . 93 12 . 17 1 3 . 41
2.7 6 .6 2 1.94 10.16 11.53 1 2 . 88 14.97 16 . 68
2•• 3 .9B 6.&" 7.86 H.32 11. 99 13. 34 1 5 . 97
2•• 4 . 18 5 .6 4 7. 67 9 .90 11 . 73 13 . 64 14 .~7
21. 6 .25 7 . ·13 9 . 65 12.31 14 .4& 16.02 17 .54
211 6 . 14 7.82 19.84 12.20 13 . 54 1 5 .7 6 17 .53
212 5.85 7. 48 10 .46 11.90 13 .21 14.77 15.99
213 5 .00 7 .1112 8.12 19.13 12 .1HI 13.19 14 .48
21. 5.97 14 . 79 18 .94 21.62 25 .28 27.71 29 .90
215 4 . 1" 5 .57 7.32 9.33 11 .54 13.26 14 .86
216 5.14 7 .40 9 .31 10.66 1 2 . 80 15.67 17 .20
217 2. 98 4. 63 6 .61 8 .44 9.80 11.29 13.17
21. 5. 43 6 . 76 8.16 11.50 12 .87 14.43 16. 2023. 6.34 B.0 1 19 .5 3 1'2 .B5 14 .2 1 1 5 . 5 B 16 .94
22. 5.12 7 .4 0 9 .73 1 2 . 79 13. 95 15. 2 9 17 .60
221 4. 8B 8 . 14 9 .65 11.01 13 . 06 14 .73 16. 08
222 4 .2 1 6.90 8. 41' 10 . 64 11. 84 1 2 . 86 14.31
223 4. 84 7 . 17 9. 1'9 10 .2 4 11.76 1 2 . 77 13 .56
22 4 4 . 57 6.94 7. 98 9 . 71 11. 36 13 .92 1 4 . 38
225 6 . 5 1J 7 . 66 9. 31' 11 . 7 4 14 .27 15 . 63 16 . 96
22' 6 .19 6 .54 8 .9 5 10 . 97 1 2 . "" 13 .56 14 . 91
227 4 .16 6.46 8.43 U . 04 1 2 . 74- 14 .54 16.02
22. 5 .35 7.114 9 .39 lil .71 1 2 .77 14.5B 16.38
22. 6 .96 8 .59 9.74 13 .24 14 .31 15. 97 18.JE.
23. 5 .116 6 . 4 5 11. 67 1 3 .12 17 .79 20 .96 21.8 9
231 4 .59 7 .11 8 .611 18 .97 12 . "" 13.84 15 .18
232 6 .12 7. 2;:' 9.51 11.18 13. BlJ 14 .63 15 .74
233 5 . 79 8 .71 9 .95 11.33 12 .74 14 . 44 17 .14
234 5.57 6. 59 8. 46 9.99 11.16 13 . 67 15 . 72
235 4.04 6 .92 8 .89 10 .47 12. 32 13 . 82 1 5. 27
23' 4.77 6 .94 8 . 94 11. 29 13 .64 14 .B1 16 . 69
237 6.17 9 . 03 16 .5 1' 12 . 23 16.34- I B.2 0 29 .40
23. 6 . 57 7 .8 4 HI . 19 11 .1 2 12 . 36 14 . 66 16. 3423. 5 .15 6 .71 8 .5 0 1 13. 0 6 11.54 14 .3 2 15 . 62
24. 6 . 39 Bv 69 11'. 42 13 . 16 14 .59 16.41 18. 87
241 8.29 9 .87 1 2 .07 1 4.92 16.47 16 . 34 19 . 69
242 4.54 7 .29 10 .2 5 1 2 .31 13 . 77 15 . 36 16 . 56
243 6 . 94 8.51 9 .B 6 1 2 . 50 14 .2 7 15 .5 4 16 . 86
244 5. 9 4 8.40 HI .21 11.60 13 .66 16 .57 18. 00





246 7 . 73 9 .28 HI .5 6 14.92 1 5 . 30 17 .es 1 8 . 84
247 7 . 83 9.74 11.81 14 .64 1 5. 98 17 .84 1 8 . 33
24. 4 .93 7. 18 8 .9B 18 . 32 12 .65 13. 99 1 5. 78
249 5 .48 6 . 91 8 .9 0 10 .54 13.43 14.83 16. 58





cyc les 250 25 . 25. 25. 24' 24. 243
veh +7 . 2 1. 11 1 2 13 14
----------.-------------------------------------------.-
cy c le
1 18 . 6 5 19 . 81 22 .2 0
2
3 17.1 4 19.20 20 .68, 19 . 54 21.60 23 .72
5 17 . 5 8 18 . 92 aa.r i 21.4 4 23. 20 25 . 10 26 .9 4
s 18 .48 20.30 22.33 24 . 59
7 21. 77 2 ~ .o5 25.2 0 27 . 19 28. 88 31. 39
• 19 ."0 20 . 24 21.89 23.52 24 .93 26 .79 29 .4 3s 17 . 65 28 .13 21 .42 23 . 67 25 . 34 27.84 29 . 88
1. 19. 8 8 2 1 .2 0 22 .67 25 .88 27 .17 28 .6 3 30 . 60
11 19 .55 21.68 23.4 5 2 5 . 17 26 .66 29.07 31 .0 0
12 19 .94 21. 81 23 .54 25 . 37 28 . 28 29.85 31 . 7 4
13 15 .69 17 .18 1 8 .56 1 9 . 57 21.57 2 3 .22 25.24
14 15.7 9 17 .48 18 .97 20 . 68 22. 88 24 .65
15 18.54 2 1. 37 22. 46 25 . 95 26. 52 28 .2 4 29 .701. 15 .91 17 .77 1 8 . 80 29 . 37 22 .8 7 24.92 25 . 62
17 18 .7 9 29 . 40 21.70 2 3. 63 24 . 73 27 .19 28 .811. 17 .96 2 9 . 12 21.33 22. 7 8 24 .8 9 26 . 29 27 . 581. 29 .16
2. 17 .61 1 9 . 13 21.50 2 3.27 25 . 67 27 .81
21 19 . 13 29 .22 21.54 22 .91 24 .2 9 26 . 17 27. 67
22 19 . 54 21. 99 22 .65 24.14 26 . 25 27 . 82 29.1 2
23 19 .57 21. 99 23.7 4 25. 20 28 .57 31.47
24 1 8 . 9 4 20 . 6 4 23 . 91' 26.64 28 . 04 31.14
25 1 8 . 8 4 20 .11 21.56 22 . 80 25 .0 2 26 .56 27.72
2. 1 9 .6 1 20 .95 22 . 39 24. 14 25.57 26.85 29. 04
27 17 . 3 3 18 . 44 1 9 . 83 21.80 23 . 90 25 . 58 27 .01
2. 18 .6 4 20.32 21.62 24 . 42 26 . 40 28 .22 29 .9 1
2. 1 9 . 92 21. 18 23 . 11 24.83 26 . 41 27 .99 29 . 40
3. 25 . 10 27 .6 4 311 .09 32. 16
31 16 . 47 18 .70 21 .00 22 . 27
32 1 9 . 57
33
36 2
veh +1 .2 10 11 1 2 13 14
---- ------ - --- - -- - ------------ ------------- - ~-----------
c yc le
34 16 . 63 11 .65 19 . 91
35 18.-48
30 19 . 82 22 ."2 25 . 3 11
37 1 8 .51 211.2-4 21 .4 9
38
39 18 . 29 211.111 2 2 .53 25 . 34 26 .81 28. 61 3 11 .1194. 17 . 87 29 .49 22 .37 25.62
., 1 8 . 22 1 9 . 97 21.61
"
1 8 .1 8 1 9 .411 2 9.6 1 23 .23 24 . 7 5 25.3 4 26. 68
43 17 .1 7 1 8 . 96 2 11 .4 3 22 . 14 23 . 47 24 .74 27 . 26
.. 19. 97
45 16 . 17 18 .43 211. 15 21 . 1 6 22 . 63 23 . 9 9 25 . 4 4
.. 17 . 95 1 9 . 7 9 21.29 22 .57 24 .40 25 .6 1 28 .13
.7 18.89 1 9 .97 21. 29 22.54 24 . 71\1 21 . 95 29.15
.. 1 9 .4 2 211. 88 23 . 74 25 . 97 27 . 18 28.2 4 38 . 8 8
•• 1 8 . 98 19 .54 21.54 23 .26 25. 13 26 .92 28 .28.. 14 . 27 16 .98 17 .43 18 .82 21 .19
51 19 .54 22 . 45 24 .l!I4 25 .75 27 . 78 29 .lJ0 3 8. 44
5 2 17.68 18.76 20.27 21.63 24. 78 25 .96 28 .84
53 18 .49 19 .71 21. 32 22 .16 24 .99 25 . 43 26 . 79
5. 17 . 72 1 9 . 3 8 21. 41 23 .1 4 25 . 94 27 .29 28 .99
55 19 . 15 2 1 .44 23. 27 26 . 68 28. 89 2 9. 81 31 . 19
5. 18.18 1 9 . 51 21.62 23 .56 24 . 95
57 1 9 . 21 21.11 22 . 61 24. 25 26 . 96 27 . 97 29 . 25
58 17 . 71 1 9 . 36 21. 32 23 . 84 25 . 6 3 28 .8 4 30 .07
5 . 1 8 . 1 9 19 . 4 8 20 .68 22 . 27 23 . 6 4 2 5. 87 27. 70
.. 1 6 . 29 1 8 .97 2 0.11 21 .6 9 23 . 5ll 24 .7 8 26 . 47
6 1 1 8 . 69 29 . 15 22.59 24 .5 8 26. 09 27 . 19 28.54
6 2 1 6 . 87 1 8 .1 8 1 9 . 85 21 .91 22 . 2 4 23 .87 25 . 6 5
63 18.03 21. 2 4 2 2 .39 2 4.0 3 25 .4 8 28.47 39 . 38
6 . 17 . 11 18 . 80 29 .08 21.6" 23 . 19 24.34 25 . 33
65 11 .86 1 8 . 9 0 2 0 .55 23. 8 4 24 .54 26 .46 27 .73
6. 2B .S8 21. 48 23 . l!I4 24.33 25.6 9 27.79 29 .78
67 1 6 . 31 1 9. 34 21.86 23 .H 25 .04 26.46
68 22. 48 2 4 . 34 26 . 89
6. 28 . 17 21.28 22.84 23 .98 25 . 13 26.32 28 .51
70
71 1 8 .45 29. 14 22. 02 23. 62 25 . 66 26 .91 28 . 56
7 2 18 .58 19. 97 21. 40 22 . 74 24.97 25 .34 26 .99
7 3 18 .89
7 . 18 . 21 2" . 44 22 .50
7 5 l B. 71 2 8 . 18 21 .1 8 23 .2 4 24 . 26
7 ' 20. 58 21. 97 23 .4 6
77 18. 78 2 0 .64 2 2. 66 2 5 . 17 26 . 34 28 .53 30 . 04
7 8 22 . 52 24 . 45 25 .98 27 . 90 29 . 46
7' 1 9 . 14 22.U 24 .8 4 26 .78
8 8 20 . 01 22. 38 23 .1 9
81 19 . 53 22 . 38 23 .5 8 25 . 35 21. 94 29 . 1 2 31. 14
82 18.36 2 9 . 71 22 .17 24 .68 26 . 46 29 . 41 30 .08
36 3
veh +7.2 18 11 1 2 13 14
--------------------------------------------------------
cycle
83 19.54 21.33 24 .22 26 .II'S 27 .67 2 9.99 Jl.'?8
8. 19 .46 29 .52 22 .33 23 .72 25 . 04 26. 47 28.37
85 17.50 19 .19 21.23 23 . 76 25 . 78
86 19.90 28 .1 9 25 . 14 26.34 27 .78 29 .9 5 30 .94
87 17 .25 19 . 1 7 21. 34 22 . 7 5 25.26 28 . 23 Je. 17
88 17 .3 5 18 .83 20 .30 24 .17 26 .6 9 29 .4 4 31.58
8. 20.97 2 3 . 19 24.93 25 .7 0 28 .0 7 29 .82 )] .5 6
.8 21. 44 23 .88 26 . 05 28 .58 3 9. 69 3 2 .10
91 17.45 1 9.4 3 29 .9 4 22 .77 25. 18 2 6 . S0 28 .8 1
.2 19 . 1'18 21. 3 5 22 . 62 2 4 .23 25 .9 4 27 .58 29 .1 9
.3 1 6 . 95 18. 3 5 29 . 68 22. 39 24.58 25.61 26 .72
94 1 8 . 25 19 .3 4 20 .69 22 . 1 9 24 .12 2 5 . 50 26 . 9 4
'5 28 . 17 21.74 23.82 26. 35 28 .94 39 . 99
.6 18 .65 20 .76 23 .97 25 . 99 27 .68 29 .4 '] 31.06
' 7 20 .79 22.18 23 . 71 25 . 38 26 .86
. 8 29 .17 22 . 2 8 2 4 . 99 25 .44 27 .64 3 0 .48
99 29.43 2 2 . 7 13 23 .84 25. 27 27 . 24 28 .88 29 .30
188 18 . 43 28 . 2 3 21 .91 23 . 52 2 5.2 2 27. 84 28 . 47
181 1 8 .90 28. 57 22 . 83 23.93 25.54 2 8 .1 6 29 . 78
192 18 . 88 2 8 .5 4 23 .82 25. 29 2 8 .03 30 .61 31.91
183 18 .96 20.42 23 . 24 24.55 27 .118 28 . 89 38.34
'"
17 . 79 1 9 .7 0 21. 34 22. 82 24 . 68 26 .54 2 9.34
185 1 6 . 49 1 8.07 19 .96 21. 51 23 .14 24 . 67 26. 10
106 17. 67 19.93 21.43 22.98 24 .4 4 26. 85 28. 98
197 21. 39 22 .54 24 .64 26 .20 28 .0 9 3 0.17 31. 87
19 8 17 .4 4 19.82 21 . 07 22.6 2 25 .55 27 .36 29. 17
18' 16 . 93 1 8 . 5 5 20 .08 22. 19 24.21
11 8 22.09
111 1 8 .24
112 17 . 67 19. 26 22 . 34 24.48 26.47 2 8 . 71
11 3 29.25 22 .46 24 .45 26.6 0 28.85 3 0 . 67
114 18 . 15 29 .58 22.18 25 .26
115 H .98 21 .59 23 .02 25.82
116 18 .99 20 .72 24 .02 25. 74 27.33 3 9 .3 8 31. 80
11 7




122 17 .81 19 . 4 4 22.55 24.12 25.99
123 18 . 46 1 9 . 85 22.03 23.32 27 . 1 7 28 .56 30 .7 5
12. 23.11 24 . 52 27. 19 28.54 30 .64 3 2 .88
1 25 18.47 20.6 4 22 .1 5 24 .10 26. 6 4 27 .77
126 1 8 .6 5 20 . 95 23. 01 24 .20 27 .13 2 8. 97 31 .3 4
12 7 19 .67 21. 4 0 23 .9 3 24.6 4 26 . 07 28 .2 7 2 9. 97
1 2. 21.82 23. 01 25 . 43 28.31 38.25
12. 17.14 18 . 47 20.74 22 .82 23 . 97 2 5 .8 3
11 8 21.98 23.33 25 .48 27. 28 29 . 43 31.33 3 2 . 42
11 1 19.89 21.8 4 23.23 24.31 25 .61 28 . 23 29 . 86
36.
veh +7 .2 • 1 . 11 1 2 13 14
--------------------------------------------------------
cycle
112 16. 87 18.14 28.3 0 24.57 26 . 1IJ
133 18 . 82 Z9, H1 21.54 23 . 79 25 . 44 27 .77 29 . 77
13 . 19.62 21. 10 23 .41:1 24 . 86 26. 54 27. 85 36 . 61
135 18 .8 4 21. 25 23 .9 9 24. 38 27. 35 28 .6 7 30 .23
136 16 .37 19.29 21.51 22 . 84 24 .27 25 . 93 27 .75
13 7 20. 52 21.54 23. 49 25.82 28. 41 )0.1 4 31.94
138 20. 33 21.99 23. 80 26 . 23 28 . 34 3'1 . 65 32 .6 9
13. 19.73 21.20 23 . 82
1• • 17.67 28. 18 22 . 16 23. 81 25 . 96 27 . 88 29 . 56
1 41 17.33 19 .50 21.55 22 .47 2 5 . 1:14 2 7 . 3 4 29.74
142 20 .7 6 21. 80 23 . 35 24 . 6 0 27. 19 2 8.49 31.15
143 19 .94 21 .27 22 .94 24."1 26.21 27 . 58 28 . 89
1 44 18.37 29 . 39 22 .14 23 . 58 25 .80 2 6 . 98 29 .14
145 16. 84 18 . 91 20. 55 22 .01 24.13 25 .92 27.4 4
146 17 . 65 19 .74 21.9 4 23 .99 25 . 64 27 .99 29.81
1.7 23 .11 26.25 28 .6 4 31.17 33 . 14
148 18 .3 4 29 .34 22 .66 24 . 04 25 .97 28.89 29 . 9814. 19.17 21 . 63 21.74 23.11 25 .14 27 .8 3 29 . 89
lSO 19 .57 21 .29 22 .94 2 4 .84 27.07 29 .25 31.27
15 1
152 16 . 96 18 ."0 19 . 23 21.98 24 .32 26.85 28 . 87
153 18 . 17 19. 61 21. 20
154 18 .54 29 . 4 0 22 . 18 25 .5 9
155 19 .47 21. 40 24 . 55 26 . 75 28 . 20 39.04
156 22.38 24 .13 27. 39 29 .94 30 . 86
157 21.94 23 . 67 25.52
l SO
159 17 .46 19 .65 29.86 22 .2 8 24 . 01 26 .59 28 . 19
16' 19 .2 6 20 . 80 22 .5 1 24 . 17 25 . 19 26 . 98 27 . 39
16 1 18. 64 20.07 22 .3 4 25. " 0 26. 56 39. 57 32 .54
162 16 . 59 18.4 4 20 . 31 21.94 23 . 31 26 . 15 27 .57
163 17 . 38 18 .98 29 . 17 22 .51 24 .53 2 5 . 75 27 .68
16 ' 17 . 64 19. 04 29 . 46 21.77 22 .73 2 4 .85 26 . 97
165 15 . 87 11 . 14 18 .6 2 19 .56 21 .64 23 .62 24 . 97
166 18 . 66 29 .94 22 . 63 2 4 .5 8 27 . 14 28 .59 31 . 37
167 16 .9 7 1 8 .90 20 . 11 21. 44 22 . 92 2 4 . 14 26 . 7 8
16 8 28.17 30. 69 33 .8 7
16. 17. 63 28 .91 21.75 23 . 90 24 . 27 26 . 19 21.21
178 19. 10 28 . 43 21.7 4
171 18.96 20 .1 4 21.33 23. 98 24 .42 26.54 27.87
17 2 18. 22 19 . 28 20 .61 23 . 63 25 . 90 26 . 97 30 . 59
173 17 .64 1 8.67 20 . 84 21.90 25 . 05 26. 96
174 19 .64 22 .54 23 .87 26 .80 27 .40 28. 86 30 . 07
17 5 18.33 20 . 03 21.57 22 .67 26 . 02 28.47
176 18 .00 19 . 2 6 29 .92 22 . 47 25 . 41 26 .72 29 ."2
177 17.64 19.69 21.22 22.35 24.65 27.2 0 29 . 1 5
178 18 . 21 29 .57 22 . 57 2 4 . 97 26 . 24 27 . 45 29 .56
17 . 18. 86 19 .82 21.32 22 .46 23 .84 25 .8 5 27 .9 3
188 28.09 22 . 96 23 .24 2 4 .4 5 26. 14 27. 41 29 . 20
36 5
veh +7. 2 19 11 1 2 13 14
--_._---------------------------------------------------
c ycle
18 1 15 .70 17. 59 HI . 29 22 . 16 24 . 17 26 .19 28 .1 2
182 20.82 22 . 54 23.78 25 .74 27 . 83 30 .3 5 32 . 35
183 17 . 16 28 .2 2 21 .86 23. 39 24 . 18 26 . 83
18 4 15 .13 16 . 94 28 .68 22.87 24 . 01 25 . 48 26 . 94
185 20.05
18. 28 .01 21.69
187 19 .23 22 . 30 23.81 26.8 5 28 . 81
188 20 .99
189 18 . 84 21. 42 24. 66 27 .2 7 29 . 25
19. 23.21 24 .87 26 .39
19 1
"2 29 .18 22 .19
193 18 .44 21 . 30 22 .64 23.82 26 .14 21 . 76
194 19 .2 2 20 .16 22 . 43 24 . 94 24 .99
, .5 17. 87 19 .82 20 . 78 22 . 12 24 .45 26. 17 27 . 94i ss 17.52 19 .31 20 .7 8 22 . 58
, . 7 16 .06 17.36 19 . 68 21.81 24 . 02 25 .5 4 21. 98
198 23 . 12 24. 45 25 .61 27.89 29 .9 4 31.99 33 . 54
,.. 16 . 62 18 . 2fi1 19 .88 21.68 23 . 14 25.41 27 .81
"8 18.04 20 . 24 22 .46 23.9 B 25 .16 26.33 21 . 63
201 28. 83 22 . 13 24 .34 25 .84 26. 87 2?54 31.69
2.2 17 .19 19 . 86 21 . 41 23.18 25 .91 26 . 96 39 . 10
2.3 29 .76 22.11 24.01 25 .33 26 . 59 27 .7 3 29 . 21
"4 17. 83 19 .86 21 .96 23 . 20 24 .70 25 .64 27 .8 4
2.5 19 .23 21. 14 23 .03 24 . 98 27 . 16 26. 31 30. 80
".
16 .8 6 11 . 90 18. 94 29 . 74 22 . 59 2 4 .9 7
2.7 17 .6 4 19 . 98 20 . 82 22 . 44 23 .54 24 .56 21 . 11
2•• 17 . 86 19 . 56 21 .84 24.32 25 .54 26. 76 27 . 97
".
16 . 23 18 . 14 29 .25 22. 34 23 .59 2 5 .99 26 . 15
219 19. 59 21 . 43 22 .92 24 . 19 25 .80 21.87 29 . 88
211 19 .15 20 .56 22 .17 23 .6 4 24 . 96 26 . 89 28 . 52
212 17 . 91 19 . 44 20 .911 22 . 69 24 .7 0 26 . 02 28 . 74
213 17 . 71 211 .114 21.52 22 .8 " 2 4 . 22 25 . 89 21 . 33
214 32 .19
21 5 16. 33 19. 11 29 . 51 22 . 16 23.87 25 . 39 27 .1 2
21. 19.92 29 . 91 22.43 24. 97 26 . 18 21 . 74 29 . 13
217 14 .43 16. 55 18 .00 19 . 69 21 . 34 22 . 99 24.15
218 17.74 19 . 38 29 .95 22 .2 6 23. 57 24. 86 21. 47
: 19 18 .29 28.92 22.89 24. 41 26 .30 21.58 28 . 91
22. 29 . 13
221 11 . 69 19 .97
222 16 . 36
223
22 4 17 . 99 19 . 1'1 20 .24 21 .5 0
22 5 16 . 17 21. 14 22.48 24. 30 26.95
22. 16 .98 1 B. 85 20 .40 21.81 23 .23 24 . 84 26.01
227 17. 10 18 .23 J.9 .57 21 . 94 23 . 83 26 .61 29 .48
228 18 . 11 20 .22 22 . 29 24 .211 26 . 72 2 8 . 46 38 .9 4
22 . 29.49 22 . 17 24.23 26 .47 28 .9 1
36.
ve h +7 .2 ,. 11 12 13 14
--------- ----------- ---- --- --- ------------ ------- -- -- ---
cycle
23. 23 .21 25 .~e 27.38 29 .04 30.92 32 .:' 11
231 17.42 18.50 20 .96 21.213 23 .55 25 ~46 27 .3 1
232 17 .28 19.1 2 21.42 23.20 25.7121 28.91
233 18 .97 21 .31 22 .94 24.20
234 16 .98 18 . 19 19 . 26 20 .80 22 .98 25 .83 28 . 49
235 16 .93 18 . 51 29.59 21 .32
236 1 8 . 17 20 .20 22 .02 23 .313 24 .89 26 .56 28.30
237 21.68 23 .3" 24 . 80 26 .36 28 . 18 30 . 19 31. 58
23. I B. 65 20.42 22.87 24 .8 1 28 . 44 30.95 33.£'7
239 17.87 1 9 .63 21 .35 22 .54 2 4 . 05 26. 74 28 .36
2•• 2 0. 58 22 .27 23 .82 26 . 71 21 .97 30.24 31.44
241 21.67 23. 03 24.27 26 .69 2B.69 31.29 33.47
242 1B .41 21'. 17 21.74 22.84 24. 48 26.84 28.72
243 1 8 . 32 19 .9 1 21. 68 23 .37 24 .64 27. 33 29.58
244 20 .13 21.74 23 .84 25 .76 27 . 40 29 .51 31 . 09
2.5 213.94 21 .33 22.72 24 .84 27.74 29.15 31.013
246 21 .26 22 .60 25 . 07 26.75 28.84 30 .17
247 20. 12 23.30 24 . 62 26 .0 4 28 .13 29.81 31.39
2'. 17 .4 4 18 .85 20 .75 22 .3" 23 .57 24 .77 27 .04
2.9 1 8 . 07 19 . 62 22 . 18 24 .01 26 . 2 8 28 .03 29.77
25. 1 8 . 7 0 20 .51 22 .87
----------------- --- ------- --- -- --- ----- ----- -----------
veh 10 11 12 13 14
--------------------------------------------------------
no. of
cycles 2•• 22' 223 2" 193 17 ' 1 52









e 31. 13 17
9 16
1. 31.82 33.39 1.
11 16
12 34.43 35 .98 1.
1 3 27.26 28.24 29 .82 31.71 2.
14 15
15 32.05 17
1. 26.60 27 .80 29.25 31.09 2.
367
veh+7 .2 1 5 16 17
' 8 19 28 count







21 29 .4 3 17




2' 30.6 6 32 .7 4 18
27 29. 96 30 .43 32 .01 19
28 32 . 83 33 .32 18














42 28 .36 29 . 35 31. 22 32. 67 2B
43 28 .52 17
.. 10
OS 27. 96 29 . 30 30 .77 32.4 3 2B
.. 29 . 2IJ 31 . 79 38
47 30 .62 17
'8 32 . 18 33.57 ' 8
.. 29 .8 9 31. 26 re
sa 14
53 31. 74 33 . 48 38
52 39.25 31.71 '8




57 30.89 32.88 '8
58 32 . 27 17
59 30 . iB 17
60 27 . 67 28.91 30.55 31 . 97 2B
61 3'L36 32 . 35 ' 8
62 27 .94 .28 .86 39 .21 31 .41
"63 31.88 33.64 38
64 27.14 28 . 73 29 . 88 31 .1 2 32.32 21
65 28 . 99 31 .11 32 . 27 19
368
v eb +7 .2 15 rs 11 18
"
29 co unt;





' 8 1 2
"
38 . 79 32 . 26 1 8
1 8 •11 39.90 11











82 32. 84 11




81 31. 35 33 .2 0 18
88 1 6




30 .99 31.37 1 8
.2 39 .42 32.95 1 8
. 3 28.51 30. 98 31.24 ,.
•• 28.00 )8 . 13 1 8
,5 1 5





18' 29 . 56 n .29 1 8
1 81 31.79 11
18 2 1 .
183 31.74 11
104 31 .27 33 . 13 18
195 28 . 94 29.71 31.29 rs
lB6 311.28 32 . 2 l!1 1 8
lB1 1 6




11 2 1 5
11 3 1 5
11 . 13
36.
veh +7.2 15 16 17 i e
"
20 c ount
------ --- -- --------- ---- ------ ----------- ------ --- ------









1 23 32 .2 5 33.78 18
12 . 15
12 5 1 5
126 32 . 83 17




131 32 . 16 17
132 14
133 31.18 33 . 50 18
13. 32 .71 17
13 5 16
13 6 29 .61 31.4 2 18
137 JJ .01 17
138 34.7 8 17
139 1 2
148 39 .84 17
141 16
142 33 . 11 17
143 31 . 38 32 . 38 18
144 31.37 32 .16 18
145 29 .39 30 .94 18
146 31 .87 17
147 14
148 31.76 17
1 49 31.48 32 .85 18
159 16
151 8







159 30 .80 17
16' 31.29 17
161 16
16 2 28.56 30.74 31 . 88 19
163 28.79 30 .54 31.79 19
370
veh +7 .2 15 16 17 18 10 21 count
----- ----- --- -------- ---- --- --- --- --- --------- ------ --- -
c yc le
10 ' 29 .8 9 31 .22 18
l OS 26 .71 29 .47 39 .89 32.8 5 2.
100 32 .93 17




171 29. 99 39 .9 7 1 8
172 32 . 70 17
173 15
17. 32. 37 33 .9 4 1 8
17 S 15
17 0 30 . 14 'H . 55 1 8
177 31.79 32 . 97 1 8
178 3iI .H 17
17 0 28 .9 7 30 . 37 18
1 8' 30 .7 8 32 .42 18
181 30 .38 32 .61 1 8
182 10
1 83 IS











l OS 39.53 31 .59 1 8
100 13
197 28.98 31.64 18
108 1 0
190 29 . 7i1 32.07 1 8
200 28 .69 30.88 31 .30 32 . 49 2.
201 10
282 31.58 17
283 39 .90 17
204 29 .9 4 30.95 32 . 33 1 0
205 31.77 17
28 0 I S
207 28 . 31 17
2. 8 29 . 99 31.92 1 8
280 28.09 '9 .56 31 .24 1 0
210 3" . 57 ) 1. 87 1 8
211 31 .34 33 .1iI 1 8
212 3 0.84 32 .8 4 18
371





- - - - - - ------------ - - -------- - - - - --- - --- - ------- - ---- - ---
cycle
213 29.~6 30 .96 18
214
"215 29 .20 3 0 . 78 1.
21. 30 . 66 3 3 . 04 1 .
217 25.71 28.54 30 .2 1 3 2 . 00 2.
218 28 .69 3D.ElI 18







226 27 . 27 28. 72 30 .0 5 31.83 33 .50 35 . 03 21




231 29 . 61 30 .92 33 . 11 19
232 15
233 1,
234 30 . 64 17
235 13
236 31.36 32 .5 4 18
23 7 32 .7 5 17
238
"239 30.50 32.86 18
24 '
"241 34. 50 17
242 3e . S4 33. R0 18
243 31 .07 33 .6 1 18
2 44 33 . 38 17
245 i
246 15
247 32.5" 33.56 18
24 8 28 .85 30 . 77 32 .57 34."4 2.
249 31. 22 32.63 18
258 1 2
---- ---- - p - - --------- - --------- - - - - - - - - - - ------- - --- - ---
veh 15 I. 17 1 8
"
2.
-------------- - ------ --- --- - ------- --- ------- --- -
no . of
cycles 1 22 B3 22 1 2
372
-7 . 2\
ve h icle 1
---------------------~---------------- ------------------
c ycl e
1 4. 67 6.65 8 .6 4 le . 44 12 . 04 13 . 1 3 15 .20
2 4.42 5 . 72 7 .ll 10 . 61 12 .37 13 . 89 15. 46
3 4. 511 6 . 14 8 .2 7 le .6 4 11 .87 13 .08 1 4 . 78
4 6 . 17 7 . 93 9 .38 11. 2 8 13 .29 17 .84 18 .81
5 3 .37 5.24 7 . 13 18 . 40 11.44 13.94 15 . 7 5
6 6 .25 7.71 9 .9 3 12 . 89 13 .94 15 .91 17.22
7 4. 84 6 .8 0 8 . 94 10 . 30 11.4'1 1 3 .44 15 . 22
• 7.114 8.27 19 .18 11.57 13.57 15.7 5 17. 54
• 5 .24 7. 67 9 .54 11.50 13 .4 3 1 5 . 43 17 .35,. 5 .27 6 . 94 8 . 70 1 2 . 20 14 .60 16 .3 11 17. 76
11 6 . 113 8.24 14 . 1'l1 15 .18 17 . 68 18.88 20 . 20
12 5. 60 7 . 90 9 .47 1 2 .29 13 . 46 15.47 16 . 55
13 7 . HI 8 .75 19 .34 12 .07 13 .87 16 .42 17 .96
14 4. 23 6 .14 8.21 10. 25 1 2 .05 14 .50 16 .1:18
15 5 . 1 2 7 . 07 8 .82 10 .4 0 1 2 .10 1 5 .70 17. 53
16 4. 27 5 .74 7 .50 9 . 13 11. 87 13 .75 15 .26
17 5. 45 7 . 82 11.87 13 .4 3 14 .87 17.79 29.4 4
1. 5 .58 8 .11 9.64 1 2 . 6£> 16 .69
19 3.82 6 . 12 7.73 9 .70 ,1.1.65 12 .86 16 .14
2. 5. 9£1 8 .0 2 Hl .24 1 2 . 31 13.90 1 5 .52 17 .40
21 6. 18 7. 65 9 . 70 HI.74 13.44 14 .60 16 . 9 4
"
4 . 82 6. 39 7.89 8 .23 10 .46 1 2 .7 5 14. 7 8
23 5 .3 7 6 . 58 10 .08 11.47 13 .15 14 . 16 18 .46
24 4 .3 5 7 . 53 9 .47 11.48 13 .9 9 15 . 23 16 .96
25 5. 89 7 . 78 9 .19 lIJ .58 12 .29 13 . 54 1 5 . 46
26 5 .14 9 . 57 11 .17 12 .4 8 13 . 99 14 .51 16 .15
27 3 . 76 6 . 19 8 .63 19. 87 12 .70 15 . 87 17. 60
2. 5 .86 8.7 4 11.84 14 .43 16. 67 1 8.39 29 . 38
29 6 .95 7 .71 9 . 59 1 2 . 34 14 .15 16 .71 19 .20
3. 5 . 13 6. 36 8 . 74 10 .32' 12 .15 13.57 14 . 7 8
31 5 .26 7. 86 19 . 68 12 .31 13 . 57 14 .76 17 .87
32 5 .17 6.77 9.44 11.14 14 . 55 16 .39 19. !' ''
33 4.60 5 .82 7 .71 10 .60 11 . 61 13 .14 15 .79
34 4 .7 5 6 .69 8. 59 18 . 29 11 .81 1 3 . 6 9 15 .77
35 4. 84 6 . 33 7 . 64 9. 64 11.36 14.33 15 .DlJ
36 4 . 71 6 .20 9.28 11.1 2 13 .BB 1 5 . 5 2 16 .93
37 4.79 7 .94 9.28 11. 84 15 . 90 16. 24 17 .99
3 . 5 . 35 7 .27 8.79 11.39 14 .4 7 1 5 .1 7 17. 1 3
39 5 . 20 6.74 9 .28 ra .aa 11 . 50 14. 56 1 5 . 97
4. 5 . J 0 6 . 80 8 . " 0 9. 31 11.15 1 3.1 9 16 . 48
41 5 .29 7 . 27 9 .9 J 11. 43 14. 05 1 6 .1 0 17 . 4 2
"
5 .34 6. 12 8.05 11.17 1 2. 58 1 4 .17 1 6 . 47
43 7. 11 8 .25 9 . 67 11. 35 1 2 . 06 14.61 1 5.8 9
44 3 .97 6 .69 8.87 10 .20 11.68 1 3 .14 1 4 .1 8
45 4 .74 7 . 2 4 9 .14 11.40 13 .40 15 .91 17 . 39
46 5 . 49 8 . 2 2 9.30 ll .18 13 .0 4 16 .33 17. 83
47 6.14 7 .81 19 .95 12.11 13.36 14.57 15 .7 8
4. 5 .38 7.20 8 . 43 ' .77 12 .58 13.98 1 5 . 91
373




.9 4.77 8 .30 10 .46 13 .31 14 .33 17.72 19 .14
5. 6 .97 8 .76 13.14 11,94 13 .27 15.31 17. 50
51 3 .92 6.15 7 .92 10.Hl 11,98 13 .05 15 . ]1
52 4 .33 5.84 7 . 57 8.71 12.16 13 .81 15 .68
53 5 .19 6 .78 9.66 11.94 13.58 15 .12 18 .52
5. 5 .34 7.52 9 .50 1 0 . 94 1 2. 47 13 .53 1 5. 1 0
55 6 . 15 7.69 9.92 11.37 12.76 15.87 17.27
56 5.74 7 .04 8.54 9.79 11. 8'" 13 .96 15 .04
57 4 .80 6.12 8 .95 11.24 12.62 14.14 1 5. 45
58 4.02 5 .74 7 .28 Hl .32 11.67 12 .83 14 .9 2
59 5 .33 7.07 9 .'17 Hl.71 13.28 16 .90 18. 31
6. 7 .27 9 .10 10.77 12.117 13.48 14 .02 16. 1 5
61 4 .58 6 .32 8 .15 H"l.91 12 .19 15 .24 17 .25
62 6.31 7.45 9. 15 11. 08 13 .53 15 .63 16 .78
63 9.00 11.37 13.38 15.57 18.61 20 . 97 22.27
6. 4 .98 8.26 9.94 12.00 13.99 15.34 17. 74
65 6 .13 7 .63 9.49 11. 27 12 .67 14.57 1 6. 49
66 4.81 6.68 8.86 10 .21 14.24 !5 . 15 17 .19
67 5.46 7 .53 9 .07 10 .80 12 . 17 14 . 22 17 . 38
68 5 .26 6.94 7 .64 11 .10 12 .75 15 .74 17 .74
69 3 .24 4 .87 6.05 8.74 i a.sa 12 .114 13.92
7. 4 .46 6 .U 8.14 9 .84 12.34 13 .96 15.34
71 4.64 7.06 9.il4 10.16 12.52 14 .84 16.26
72 5.73 6.34 9 .50 12.64 13.42 15.45 16 . 8'1
73 5.22 6.62 7 .90 9 .76 13 .12 15 .38 16 .71
7. 5.88 a.ra H' .~ J 12.39 14.98 16.39 18. 1 6
75 5 . 2 11 6.57 8.34 9 .66 11.52 14.55 16.23
76 5 .97 7.25 8.55 9.67 11.97 13.40 16.20
77 5 .35 6.43 8 .45 9.88 11.87 13.82 15 .88
78 5.28 6 .64 9 .lH 11.94 1 3 . 67 14 .47 15 .99
79 4.16 7.65 8 .81 10.92 15.40 18 .34 211 . 10
8. 4 .67 6 .43 9 .77 1 2 . 7 4 14 . 5 9 16 .21' 18 .14
81 5.67 7.51 9.39 11.79 13 .86 1 5. 99 18.16
82 6 .33 7.137 8 .77 lil.41 12 .31' 13.57 16 .08
83 3.84 5.37 7.3B 9 . 16 11 . 3 4 12.97 1 5 . 22
8. 3.6B 5.47 7.54 9.97 11 . 5 0 13 , "'3 15.87
85 5 . 78 6 .94 9.47 10.90 13 .07 1 5 .50 16 . 68
86 6.33 8.14 9.17 10 .98 12 .47 14 .49 1 5. 61
87 4.B3 ' .11 8.4e 9 .17 11 . 1 6 12.17 14.7488 3 .82 5 .62 8 .24 9 .61 11 . 19 1 2. 9 .. 18 .20
89 4 .98 7.24 9 .89 12 .e4 13.43 14 .45 16.27
9. 4.29 6.e8 9 .30 10 .97 12 . 91 15 .31 18 .85
91 3.85 5.117 6.73 8.99 10.94 12.87 14 .94
92 2 .77 3.99 6 .61 7 .96 9.44 12 . 42 14 .25
93 4 .03 5 . 71 7.26 9.50 11 .09 14.75 17 .07
9. 4 .95 6 .87 7.89 ra.as 12 . " 3
95 5.87 7 .82 10.21 12.24 14 .10 1 5 . 1 3 17 .91
96 8.43 10.38 11.63 13 .04 14 .84 16.59 18 .00
37.




97 5 .62 8. 81 10.62 1 2.52 14 .58 16 . B6 18 .70
98 8 .79 18.27 11.78 1 2. 88 16 .67 18 .35 19 .44
99 5 . 46 7 . 27 9 .2 4 11 .96 13 .61l 15 .68 18 .11
10. 6.52 8 .11I2 8. 96 11. 38 13 .97 15 . 53 16 .94
101 6 . 15 7. 66 9 .5 7 10.98 14.34 17 .74 19 .51
'"
0 . 34 9 . 38 18 . 57 13 .12 17 .311I 19 . 36 29 .63
103 6 .88 8 . 43 !D. l3 11. 86 13 .25 14. 37 16 . 29
10. 4.34 5 .97 7 .6'1 9 . 12 11.16 14 . 25 15. 87
195 5 .38 6. 51 7 . 8 4 10 . 21 11.85 13 . 96 17 . 54
196 6. 29 7. 32 9. 83 !B .80 12 .42 13 . 81 15 .1 8
197 4 .17 5 . 71 9 . "4 11 . 87 14.38 16 . 62 1 8 . 69
198 4 . 18 6. 96 18 . 21 11. 43 14 .51 16 . 34 17.47
109 4.46 6.74 9 .37 12 .5 4 13 .56 15 .17 17. 47
11. 5 .74 7 .31 9 .40 11 . 64 12 . 78 14 .67 16.32
111 5 .47 6 .81 18 .22 12. 55 13.64 15.67 17 . 46
112 9 .41 13.56 16.95 18 . 07 19 . 69 2 1:'1 . 93 23.34
113 5 .19 18 .19 13 . 72 16.80 19. 18 21.83 23 .112
11. 4.25 6 .17 7 . 52 9. 17 I L lS 1 2 . 64 15 .78
115 4 .69 6 .!B 7 .71 8 . 98 11.39 13 .33 14 . 61
116 6.28 8.96 Hl . 26 11.92 13 .61 1 5 . 64 17 . 92
117 5 .55 6.96 8 .74 Ie .63 12.39 13 . 99 15 .56
118 6 .79 8. 27 Hl . 32 12 . 33 14 .06 16 . 26 17 . 91
119 4 . 73 6.21 8 . 40 10 . 61 12 .60 13 . 83 15 .27
128 5 .42 6 .67 9.58 19 .9 7 13 . 41 16 . 19 18. 45
121 5 .4 8 6 . 73 9 . 64 11. i:7 13 .4 4 1 4 . 74 16.98
122 4 .43 6.33 7 .67 10 . 99 11.82 13 . 76 17 . 1l1
1 23 6 .84 9 .3 4 10.86 1 2 . 91 14 . 07 15 . 80 17 .96
12. 3.84 5.5"1 7. 52 9.3 9 19 . 96 12 .59 15 .27
125 6.B4 8.U 9 .69 11.7 6 13.67 14 . 9B 16 . 87
126 5 .87 6 .14 B.84 !B .1J3 11 .81 13. 85 15 .83
127 4. 53 6.33 HI .39 12 .53 14 . 18 1 5 . 83 17 . 35
128 5. 58 7 .14 8 . 76 !B .50 13.99 15 .49 17 .9 5
129 6.27 7.51 9 .81 12 .16 13 .58 15 .26 17 .96
138 3.90 6 .34 18 . 19 11.90 13 .95 16 .18 18 .411
131 6 . 25 7 .3 5 9 .59 12 .58 15 .28 16 . 31 18 .93
132 5 .811 7 . 15 9 .19 lIJ .45 11 . 76 14 .25 16 .19
133 5 .48 7. 18 9 .37 10.78 12 . 78 14 .116 15 . 14
134 5.79 7 .61J 8.91 !B. 4S 12 .58 14 . 46 16.94
135 4 . 12 6 .50 7 .88 9.96 11.81 1 3. 95 15 . 86
136 5.23 7 . 66 9 . 46 Ul . 1J4 11 . 84 13 .86 15 . 58
137 5 .4 7 6.82 7.97 10 . 68 12 . 6 4 14 .94 16 . 44
138 4 .34 7 . 38 9 . 23 10.53 12 .34 13 . 78 15 . 57
139 5 .9 4 1.24 8 . 69 11. 2 4 13 . "" 1 4 .1 6 15. 44
140 5.99 8 . 27 9 .57 11 . 27 13 .72 15 . 22 17. 94
141 5 .1 8 7.18 9 .32 10 . 54 11. 91 14.78 16.81
142 5.87 8 .3 4 9 . 69 11. 82 12 . 85 1 4 . 51 16 . 96
143 7 . 52 9.64 1l. 29 13. 89 14 . 25 16.54 18 . 91
144 5 . 12 6.69 19 . 31 12 .14
375




145 6 . 37 8 .81:1 lIJ . 89 11.52 12 .85 14 . 73 16.13
1 46 S . ~ .. 7 .25 18 . 91:1 13 . 33 14. 68 16 . 49 18 . 65
147 5 . 7J 6 . 73 8 .71 10 . 52 12. 41 14 .71 16 .3 1
146 6 . 61:1 9 .47 11 . 89 13 .111 14. 57 16. 8'" 18.68
1 49 4. 82 7. 22 8 .38 9 .68 11.2 0 12 .97 14. 22
15 6 4 . 89 7 . 80 9. 111 10.52 14 .10 15 . 21 16.44
151 5 .93 7 .7 2 8 . 83 9 .9 8 11.92 14 .04 16 .77
152 4 . 87 5. 49 HI . 43 12 . 30 15. 17 16 . 55 18 .5 4
15 3 5 .84 6 .47 9 .61 10 . 69 1 2. 7 8 14 . 12 15 .26
154 4. 11 5 . 87 7 . 25 8 .37 9. 66 11.89 13 . 74
IS S 4 .73 6 .74 9.HI 11.0" 1 2. 86 15 .16 16 .7 9
156 4. 65 6 . 79 8 . 76 9 .7 2 HI . 5 9 13 . 35 14.88
157 4.65 7 .99 8 .4 9 19 .4 8 12.4 2 16 .44 18 . 34
156 5.53 8. 67 HI.3 7 11.69 13 .8 0 15 . 55 17.4 5
159 6 .0 2 7 .3 0 Hl .42 11.94 13 . 7 4 15.47 17 . 20
16. 3 .3 1 5 .72 7.47 9 . 51 13 . 93 16 . 32 18.18
161 5 . 68 8 . 41 9.82 11.41 13 .46 1 4 . 97 16 . 62
162 5. 37 6. 61 8 . 29 10.1:14 11.85 13.17 15.39
163 6.HI 8.44 9 .85 11. 54 13 . 67 15 . 44 17 .60
16. 4. 81:1 6 . 11:1 7 .71 9 .74 19 .8 7 1 2 . 31 14.02
165 5 . 1:14 6 .49 9 .1:1 8 11.30 1 2. 56 13 .97 16 . 34
166 3 . 94 5.5 4 7.43 9 .29 19.1 9 13.09 15 . 27
167 4.78 6 . 88 7.74 11:1 .3 0 1 2. 44 13 . 66 16 . 59
166 6 . 56 9.8B 18. 31 12 .14 14 . 58 15. 87 16 . 84
16. 5 .48 7 . 57 8 . 68 9 .73 11. 85 12 . 38 1,(, 41
179 8 .46 1 0 . 71 1 2. 69 14 . 42 16 .5 4 17 . 66 28 .19
171 3.83 6.49 8 . 71 10.66 11. 8 9 13 .5 4 15 . 51
172 S .5 6 6 .88 9 . 95
173 4. 28 6. 19 8 . 21 9 .95 11. 2 8 12 .3 5 13 . 99
174 4. 68 6 .4 7 8 .6 1 18.92 11 .71 13 . 19 14 .39
175 5.63 8 . 84 lIJ .B8 11. 69 13 .84 15 .83 18 . 47
11 ' 4 .4 5 6 . 59 8. B? 9.68 11. 8 3 13.7 9 14. 82
177 5 . 18 7 . 18 8 . 64 ia.ss 1 2 .6 6 14 .1:1 8 15. 70
17 6 ~. 37 7 .15 9 . 11 11. 22 12 .70 1 4 . iJ7 15 . 94
119 4. 47 6. 37 8 . 27 9. 47 18 .93 12 . 19 14 .19
16. 7 . IHl 8 .42 9 .88 lL 21 1 2 .61:1 13 .97 16 . 85
161 5 .23 6 .9 7 8 .6 7 11. 22 13 . 32 15 . 59 18 . 20
1 62 4 . 84 6 . 20 8 .47 10.14 12 . 53 14.69 16 . 23
163 4 .65 5 . 88 8 .8 3 10 .78 11.82 13 . 71 16 . 14
16. 4 . 41 5 . 97 7.67 9 .4 8 11.07 12 .88 14. 33
1 65 5 . 73 8 . 17 10 . 46 12.44 13 .70 15 .22 16 .39
166 1." 9.1:16 11. 27 12.86 14 . 27 15 .52 16 . 83
1 67 4. 1:1 3 6.68 8 .76 12 .89 15 . 14 16 . 49 18.14
166 4 . 16 6.1:14 7.58 9 .2 1 11 . 01 13 . 75 14 .89
16' 5 .41 7. 35 9 .56 12.1 5 14 .98 16.60 18 .41:1
19. S .21! 7 . 52 9.13 10 .4 8 11 .4 5 12 .4 8 14. 99
191 5 . 41 7 . 1:14 9 . 81:1 11 .70 1 2 . 7 5 14 .32 16 .9 1
192 4 . 84 9.18 Ill.53 11.84 lJ. 40 16. 53 17 . 87
376




1 5 . 43 17 .86193 7.84 8 .41 9 .95 1 8 . 92 1 3 . 53
19' 5.96 7 . 39 9 . 44 1 1.27 12 .68 1 3 . 57 16 .8 4
195 5 . 52 8 . 25 9 .89 11.58 13 . 95 1 4 . 97 1 6. 87
196 5.90 6 .9 8 8.11 9.46 11 .39 14 . 36 17 .2 7
197 4 .84 6. 10 7.89 9 .77 11 .4 0 1 2 .47 1 5 .9 9
198 5. 85 6 .11 7.95 10 .59 1 2 . 47 15 .17 16 .70
199 5 .5 4 6.61 8. 18 9 . 80 1 1.88 1 2 .6 9 1·L 20
2" 4 .39 7.67 9 .49 11. 94 1 2 . 67 1 4. 44 17. 48
201 6. 52 8.21 10 . 56 1] . 72 1 4 . 38 16 .31 17 . 8 4
282 4 .2 1 6 . 19 8. 37 10 .80 11 . 64 1 4 . 88 17.87
283 5 . 66 7. 16 8 .49 11 . 75 1 2.56 1 4 . 29 16.88
20' 8 . 46 9. 91 11 . 61 1 3 . 7 9 1 5 . 67 11 . 24 18.34
205 5 .4 9 8 . 2 4 9 . 69 10 . 8 4 13 .25 14 . 96 1 6 .3 2
206 4.99 6.3 5 8 .38 11. 58 1 4 . 67 1 6 . 64 18 .5 1
207 6 .33 7. 5 9 11.53 13 . 36 14 . 92 1 6 . 25 18 .28
208 5 . 71 7.88 18 .91 1 1.33 12 .91 14 . 68 17.26
209 5.28 6 .85 IB .66 12 .113 1 4 . 116 1 6 . 81 18 .4 2
218 5 .84 6 .51 8 .U 12 .44 13.53 1 4 . 87 16 .30
211 6.03 7 .7 9 9. 91 11. 28 13 .41 1 5 .17 16 . 40
212 3.49 5 .51 7. 73 9 .18 1 0 . 57 1 3 . 7 0 16 .27
213 4 .1 5 5 .62 3.24 9 .85 11 .5 8 1 2 . 66 13.98
21' 5.19 7 .31 18 .18 11. 74 13 . 17 1 5 . 53 17 .71
215 5 . 65 7 . 52 8.85 11. 83 13 . 24 14.50 15 .7 8
216 5 .47 6 .7 8 8 . 47 9 . 98 12 .29 13 .8 7 1 5 . 42
217 4. 36 5 . 86 8 . 27 9 . 99 11 . 26 13 .6 8 14 . 82
218 5 . 87 8 .7 3 19.10 1 2 . 07 1 4.91 17 .4 " 1 9. 28
219 3. 25 5.2" 7 .95 9 . 46 11. 85 1 3 . 96 15. 59
228 5 .71 7. 36 9 .29 10 . 39 1 2. 23 14 .1 4 1 5 . 28
221 4 . " " 5.07 7. 68 U . S" 1 2 . 21 13 .9 9 16. 54
222 4 . 14 6. 91 7 . 77 9.78 1 2 . 42 14 . 58 16. 89
223 6 .88 8.39 19 .49 1 2 . 87 13 .52 14 .98 16 .92
22. 5 .59 6 . 94 9.21 11 . 76 13 . 76 1 5 . 33 17 .49
225 4 .66 B. ll 11. 64 1 3 . 46 1 5 . 05 16.57 18 .7B
226 7.79 9 . 45 10 .1 7 1 3.83 15 . 46 1 6 . 93 1 9 .1 4
227 5 .46 6.99 8.78 l i!l. Bl 11 . 67 13 . 59 16 .74
228 6 .31 7 .94 9.6i!l 11.34 1 2 . 72 14 .83 15 .5 2
229 4.67 7 . 33 ') .8 6 l L 24 12 . 78 16. 38 18 .41
238 6.61 8 .13 18 .42 12 . 95 1 3 . 42 1 6 . 3 2 18 . 38
231 4 . 94 7 . 01 8.95 10 . 58 1 2. 27 14 . 17 IS . 94
232 4. 58 6 ..1 9 8 . 08 9 . 88 11.7 9 1 3 .77 1 5 .UI
233 5.55 7.50 8 . 98 10 . 70 1 2 .45 1 4 . 57 16 . 89
23. 5.55 7 . 23 9 .B 4 10 . 67 1 3 . " 2 15. 82 17 .55
235 6 .8 4 9 .07 11.39 1 2 . " 3 1 4 .18 1 5. 63 17. 42
236 3 .3 6 4 .39 6 . 92 8 .67 1 0 .1 0 1 2 . 32 13.14
237 3 .6 9 5.50 7. S0 9 .4 7 11 . 44 1 3. 27 15.13
238 5. 64 7. 2 4 9 .37 11. 43 13 . 9 4 1 6 . 44 17 . 82
239 5 . 30 6 .87 8. 16 11.49 1 3 .57 15.87 17 . 41
248 5 . 12 7 . 67 Ie . 59 12 .18 1 3 .9 7 17 . 18 18 ..7-'
371
- 7 . 2'
vehic l e 1
--------- -- --- -- ------- ------ -------- ----------- ----- ---
eyc Le
2>1 4. 95 5 . 24 7 .1 7 9.58 11. 63 13 . 18 14.76
2'2 5 . 28 7.57 8.79 U .3S 12 . 71 14 . 77 16 . 79
2 43 3 . 88 6. 17 7 . 64 9.07 HI .8e
244 5 . 54 7 .28 8.84 18 .57 12. 28 1 3 .5 8 15 . 38
2'5 4. 41 6 .34 8 .95 18 . 34 11 . 81 13 .36 14 .97
246 7.37 9 .97 18. 44 1 2 . 97 14 . 68 16. 36 17 .67
2'7 4. 81 6 . 56 8.27 12 . 41 15. 90 17 . 29 19 . 62
2'8 5. 31 7 . HI 8 . 82 HI. 8J 11. 98 13 . 18 15 . 97
249 4.1 4 6 .1 2 8 . 28 11. 89 1 3 . 84 1 5.47 17 . 46
250 6 .82 7 . 8 4 9 . 33 18 . 97 13 . 97 15 . 29 17 . 66
251 4. 67 7 .17 111.57 12 . 24 13. 61 15 . 63 17.92
252 5.85 7.64 9.14 11. 39 1 2 . 58 14.41 15. 84
25 3 4 . 74 7. 67 9 . 65 11. 59 1 3 . 71 15.77 18 . 96
25' 2.89 4 .96 9 . 37 12 . 62 1 3 . 94 15 . 2 2 16 . 84
255 4 . 57 6. 34 7. 82 9 . 54 10 .6 7 1 2. 70 14. 59
256 6 .3 7 9 .98 HI.57 11 . 84 14 . 17 1 5.74 17 .4 8
25 7 6 . 14 7 .17 8.79 19. 05 1] .9 9 14 . 30 16 . 80
258 4.30 6 .38 8 .19 9 . 49 11.95 1 3 . 25 14 . 97
259 5 .93 6 .89 8 .3 6 9 .92 11 . 38 12 .2 2 13 . 88
26' 6.32 7 .54 8 .9 0 19 .43 1 1. 72 13 .92 15 . 50
261 5 . 85 7 . 64 9 . 88 11.74 14 . 98 16. 65 18 . 67
262 3 .33 4 . 97 6 .4 8 8 . lI!' 11'. 19 12. 51 13 . 84
263 5 . 19 6 . 26 7 . 84 9 . 85 11. 52 12 . 84 14 . 19
26' 4. 89 7 . 34 8 . 19 12 .1 2 1 3. 76 17 .9 3 18. 57
26 5 4 .58 6.32 9 .8 2 11.74 13 .9 8 15. 67 17 . 14
266 5 .76 7 . 23 8 . 69 11.88 13 .7 5 15. 7 3 17 .6 3
267 4 .3 8 7 .49 9 .85 11.89 13 .17 14 . 36 16 .17
268 4 .36 6 .13 7 . 75 9 . 83 11.46 1 3 .62 17. 02
269 4 .86 6 .61 8 .32 9. 84 11. 28 13 . 22 14 . 57
27 8 5 . 34 6 .97 8 . 13 18 .48 11 .8 8 13. 45 15. 75
271 6 .88 7. 72 9 .67 11 . 07 12 .711 14 .8 8 17.48
272 4 .05 7.13 9.92 11 . 63 13 .3 8 14. 86 16 . 21
273 4 .2 6 6 . 7 4 8 .5 5 10 . 27 11 . 85 13.27 15 . 13
27 ' 5. 43 6 . 6 4 9 .73 1 2 .11 13 .98 15 . 46 17 . 36
275 5 .9 3 7. 8 4 9 . 88 1 3 . 82 15. 94 17. 16 18 . 26
27 6 5 .0 a 7. 12 8 .57 9 .66 1 2 .17 H.B' 15.53
277 5.77 7 . 2 1 9 .18 10 . 78 12 .46 14 .73 16 . 24
278 6. 17 7 . 44 9 . 74 11. 58 13. 32 15. 09 17 . 12
27 9 4. 23 5 .71 7. 51 18 .14 1 2 . 12 13 .31 14 .79
28 ' 5 . 94 8 . 27 9 .33 12 . 37 14 .26 15. 37 17 . 34
281 6 .08 7 .1 9 8 .85 18 . 69 1 2 . 39 13 .98 15. 12
282 4 . 0" 6 .27 8. 08 10. 95 12. 27 15 .9 1 18 . 80




cyc l es 282 2 82 28 2 2" 28 ' 277 277
37 8
mea n
elapsed 5 . 28 7. 16 9 . 16 11 .88 1 2 .97 14 .86 1 6. 77
time
-7. 2%
ve hi cle B 10 11 1 2 13 14
--------------------------------------------------------
cycle
1 1 8 .14 19 .73 21 . 97 23 . 27
2 16 .68 19.19 28 .68 22.62 24 .53
3 16.97 1 8 . 63 22 .lB
• 211 .55 2 2 .43 23.71 25 . 98 28 .65 30 .50 32 .045 17.15 1 8 . 97 28 .24 21.8B 23 .97 25 . 7 8 29 .48
s 19 .88 20 .5 2 23.33 24 .64 26 .8 2 29 . 98 31 .82
7 17 . 25 16.73 U~ .1 9 22 . 33 24 . 17 25 . 7 0 27 .78
B 19 . 81 21. 94 23 .71 25 .1e 27.0 5 28 . e 2 29 .63
• 19 . 82 21. 28 23. 29 26 . 65 29 . 31 30 . 7 1'1 32 . 1510 19. 2 11l 21. 21 23. 28 26.54 29 .39 31.51 33. 17
11 21. 45 26 .6 4 29 . 45 31 .24 33.28
12 18 . 21 20 . 14 22. 7e 24.33 26 .51'1 28 .61 29 .39
13 20 .32 21. 86
14 17. 34 19 . 32 21 .82 23 .58
15 19.35 22 . 23 24 .27 26.34I. 16 .68 18 .88 23.47
17 22.84 23 . 88 25 .14
1.
"
17.84 19 . 26 28 . 69 23 . 34 25 . 14 26 .85 28.34
2. 19.96 21 .79 23 .63 25 . 33 28. 27 30.22 32 . 76
21 18 . 24 19 . 6i'l 28 . 57 22 .46 24 .11 25 .98 27 .46
22 16 .35 1 9. 32 21. 22 23 .57 25 . 2 2 26 .94 30.89
23 1 9 .63 21. 58 22 . 87 24 .3 8 27.44 28 . 34 29 . 85
2. 18 . 25 19 . 87 21 . 84 23 .21 24 .59 26 . 07 28 .94
25 17.89 19 .7 9 21.7 8 24 .84 25 . 25 27 . 43 29. 12
2. 17 . 95 2 9 .42 23.14 24 .84 26 .97 29 . 45 31.79
27 28.36 21 . 73 23 .24 25. 31
2. 21.97 23 .48 24.51 26 . 68 28 .28 30 .04 31.86
2' 21. 22
3B 15 .77 17 . 31 19 .22 28 . 22 21 . 75 24 .46 26 .99
31 19 .86 21.18 25 .40 26 .51 28. 78 3 8. 85 32.3 4
32 28 .6 4 23 . 14 26 .83 28 . 8 8
33 18 .68 2 8 . 98 22 . 57 24. 84 26 . 7 4 29.33 38. 99
3. 16 .97 1 8. 19 28 . 12 22 . 83 24 . 87 26 . 3 5 28 .2 7
35
3. 18. 73 2 0 . 37 21 . 84 23 . 1 8 24 .33 27 .14 28 .77
37 19 .54 21. 863. 18 .81 2 0 . 7 9 22 . 88 23 . 19 25.9 9 27. 46 28 .87
39 17 . 27 28 .15 21 . 75 24 .58 27 . 1 0 29 .29 38 .5 8
•• 18 . 1941 18 .92 2 8 .87 23.28 24 .25 26 .85 29 . 71 31 .23
37.
-7 .2\
vehicle • ,. 11 1 2 13 14
----------_.------------------------------_.------------
cycle
.2 18 .85 19.96 22. 40 24 .91 26 .5 7
4J 17 .26 21. 19 23 .30
.. 16 .11 1 8. 48 19 . 50 20.80 22.39 24 .63 26 .56
.. 19.46 21.87 23.37 24 .59 28 .38 U.89 31.89
46 19 .0 4 20.64 22 .13 23 . 95 25.34 26 .80 28 .76
47 1 8. 91 20 .97 22 .72 23 .93 25.17 28.54
.. 17 . 16 1 8 . S9 28 .34 22.57 23.12
.. 22 . 53 24 .9 5 25 . 12 27.32 28.27 29 .13 31.84
5. 19 . 86 20 .64 22. 07 23.39 25.65 26. 97 29 .14
51 lB . 91 19 . 27 21 . 11 22 .98 26.08 27.15 29 . 18
52 17 . 64 1 9 .41 21 . 26 23.26 25.1 6 26 .7 8 28.20
53 21 .18 22 . 83 25 .03 26 .5 4 28 . 17 29 .63 31.56
5' 16 . 89 1 9 .85 22 .22 23. 85 25.4 4 27 .53 29 . 14
55 18 . 92 20. 75 23 .47 26 .06 28 . 98 31. UJ 32 .26
56 17 . 09 1 8 . 11 20 . 78 22 .31 24 .7 5 26 . 33 28 . 21
57 18.64 20 . 84 22 .34 23 . 7 8 25 . 0 4 28.26 31 .00
58 16 . 53 1 8 .30 20 .72 23 . 20 25 . 17 27 . 22 29 . 80
59 1 9. 25 21.22 23 . 36 1 4 . 97 26. 65 28.20 31.97
6. 17. 99 1 9 . 62 21. 18 23.91 25 .67 27.29 2 9.84
61 18 . 87 29 .97 24 .14 25 .68 27.52
62 1 8 .2 2 1 9.39 21. 09 23 .26
63 23 .75 25 .9" 26. 38 27 . 24 29 .88 31.1 7 32.73
6. lB.45 20 .82 21. 47 22 .74 26 . 97 28.29 39.99
65 18.31 19. 97 21.99 25.24 26 . 3 0 28 .56 39.62
66 19 .37 21.33 22 .76 25.87 28.8"
67 1 9 .4 3 21 .84 22 . 20 24 .84 21 . 1 6 29. 19
68 28 .53 22 .8 4 24.85
6. 17 .66 1 9 . 86 22.24 25.35 21.34 28.69 38.13
7. 18.58 28. 93 22 . 47
71 17. 93 28 .46 23 . 06 24.65 26.53 28.25 29 . 74
72 18 .37 19 .64 21 .19 23 .64 24 .83 27 . 13 29 .40
73 1 8. 68 19 .9B 22.6 4 23 .93 24 .1 6 28.93 31.28
74 29 .54 26 .34 21.81 38 .53
75 1 8 .44 21.21 23 .37 25 .97 26 .94 29 .95 38.78
76 17 . 91 1 9 .77 28 . 88 22 .88 24 . 3 4 26 .42 27.32
77 11 .1 6 1 9.74 20 .94 24 .8 9 26 .54 28. 99 30 . 31
78 11 . 80 20 . 43 22 . 11 23.55 25 . 44 27.87 29 .73
79 21.26 22 .66 24 .90 28. 11 29 . 20 30. 85 32 .7 4
•• 2 8.66 22 . 78 24 . 40 25 .86 27 .9 7 29.75 31. 4481 21.19 22 . 45 24 . 14 25 .48 26 . 93 28 .9 4 30 .31
82 18 . 57 19.93 21. 34 23.36 26 .0 7 21.81 29 . 50
83 17 . 82 23.11 24 .35 26 . 99 28 . 20 31'.09 3 1.77
8. 18 . 10 21. 42 23 .73 25 .2 0 26 . 41 39 . 64
85 1 8 . 31 20 . 1 4 21. 61 23 .95 26.26 28 . 34 30 . 06
86 17 . 63 1 9 . 1 9 21 .44 23 .21 24 . 25 25 . 55 27 .26
. 7 1 9 . 01 29.86 21 . 97 23 .6 1 25 .93 28 . 02 29 . 94
88
8. 1 8 . 42 19 . 43 21. 93 22 . 97 25 . 07
3••
- 7. 2'
vehicle 8 l' 11 12 13 14
-- ------- --------------- -- -- ---------------------- -- ----
cyc le
33 .51., 29 .5 8 23 .3 7 24.8 4 26 .2 2 28.72 31 . 98
. 1 17 . 42 19 . 83 21.24 22.32 23 .84 26 .3 2 27 .92
. 2 16 . 98 19 . 64 21.31 22 .94 25 . 33
. 3 19 . 73 22 .64 2 4.47 25.66 27 .16 29 .7 4 32 .35
.,
33 . 94.5 19 . 25 22 .22 24.33 27.21 30 .92 31 . 15
'6 19 . 20 20 .5 7 22.17 23.54 26.72 28.4 4 31.62
., 29 . 83 22 .32 24.64 26 .31 27.68 33 . 10
' 8 21 . 13 25 .95 27 .2 4 28 .80 30 . 45 32 .21
•• 19 .6 2 21.55 23.11 25. 47 28 .1 8 29. 47 32 . 431" 19. 18 21. 49 23. 83 25 . 18 26 .51 31 . 94 31. 45
181 21.21 22. 64 23 .19 25. 36 26.99 28. 91 31.87
102 25 .6 4 27.64 28.67 29 . 83
1 ' 3 17. 94 21. 94 23 . 13 25 .33 27 .2e 31. 09 3 2.4 7
184 1B. 34 21. 16 23 .2 7 24.89 28 . 97 29 .74
185 18 . 99 29.1 8 23. 15 25 . 29 26 . 41 27.56 29. 24
186 18 . 23 19 . 53 21.84 23 .71 27 .6 7 29 .59 ai . re
181 29. 22 22 . 17 25.3 5 27 . 22
1 ' 8 19 .84 21.34 23 .59 24 .77
1" 18 . 91 21. 17 23.51 24 .8 4 27.93 29. 4 2 39 .5 9
11' 18 . 13 29 .2 5 21.84 23 . 54 24 . 54 25 . 89 21 .64
111 18 .92 29 .3 3 21.55 24. 17 26 .9 1 28. 6 4
11 2 25. 93 29 . 04 3 13 . 97
11 3 25 . 32 27.27
11 4 18 . 92 19 .99 21.96
11 5 16 . 62 17 .68 19 .74 22 .86
11 6 18.48 19.6 6 2E1.58 2 2 .88 25 .21 28 . 34
111 17 . 53 19 . 86 23.19 24.78 27.14
11 8 19. 48 29 .82 22.83
11 . 16 .74 19.88 28. 96
1 28 21.41 23 . 45 25.91 29.21 3IJ.75 32.46
1 21 17 .89 19 . 98 21 . 51 23 . 51 26. 89 27. 58 38 .74
12 2 18 .7 4 22 .64 25 .78 27.1 6 28 . 50 31. 5 4
12 3 19 . 64 22. 88 2 3 .85 25 .49 27 .68 29 . 44 31. 13
12' 19.06 22 .89 2 5.61 27 .21 28 .58 31.7 9 33 . 24
1 25 19. 58 22 .5 7 24 . 48 26 . 45 27 .89 30 . 40 32 .94
1 26 17 . 20 19 .43 21. 14 22 . 65 23 . 88 25 .74 26 . 74
1 21 19 . 14 28 .5 9 21.76 23 .94 26 .08 28 .34 30.23
1 28 19.1 2 21.50 23. 69 25.38 27 .2 4 29 . 0 6 31. 38
12' 28 .17 22 .98 24 .9 5 27 .3 5 29 .28 31.56 33 .17
13' 21. 08 24 . 48 27.04 28 .97 313.40
131 21 .5 1 22 .71
13 2 18 .21 19 . 62 21.66 23 .66 27 .98 29 . 07 31.98
133 17 . 92 20 . 18 22 .0 3 24 .50 26. 13 6 27 .85 30 .14
13' 18 . 22 29 . 50 21.55 22. 66 23 .91 26 .36 28 .48
135 18.27 19 . 71 21. 50 23.9 4 24. 08 26 . 08 28.41
136 16 .57 18.47 20 .n 21. 99 23. 48 25 .07 26 .7 6
131 17.71 18.77 2 0.79 22 . 99 25 .2 4 27 .86 28 .6 6
381
- 7 . 2%
veh ic le 8 18 11 12 13 14
--------~------------------------ - - -- ------ ._--- ------- -
cycle
138 17 . 2 3 18 . 40 19 . 90 22 .31 23.30 25 .9 4 28.82
139 ia .ae 19 . 68 21. 17 24 . 19 26 .23 28.96
148 18 .28
14 1 18.61 29 .91' 23 . 47 26. 45 28 . 15
142 17.69 19 .0 5 21. 10
14 3 20. 1i17 21. 41' 23 . 1i13 25 .33 27.24
14.
145 17. 78 20 .3 1i1 22.21i1 25 . 34 26 .73
14 6 22 . 16 24.05 25.04 26 .4.4 28 .68 3 0 .85 32.2 4
147 18 .56 21. 11 22 .96 24 .85 27. 14 29 .30 31. 37
148 19 .54 21 .7 4 23.78 25.29 27,19 31i1.24 31 . 80
149 15.81 17 . 01i1 18 .4 8 21. 29 25 .22 27 . 05 29 . 48
1,. 17 . 97 19 . 90 21 . 75 23. 17 25 .54 26 .99 29 . 42
15 1 17 . 96 19 . 52 21.6 2 23.17 24.39 25 .89 27 . 69
152 29 .20 22 .3 1 23 .96 25.54 27 .44 28 .82 30.80
153 18 . 2 9 19 .77 20.83 22 .94 25.89 27.94 29 .50
IS . 15 . 17 16 .6 6 18 . 34 20 .84 23 .25 24 .1i10 25 . 23
155 18.55 20. 10 21.65 23 .20 24.67 26 .22 28 . 40
156 17 . 2 9 19.3 9 20.6 3 22 .04 23 .94 25.47 27 .27
157 19 . 63 23.0 1 27.13 28 .40 30 .90 32 . 36 34 .0 1
15 8 18 .57 19 .62 2:;:.60 24 .54 26 .76 27 .57 28 .93
159 19 . 24 20 .96 22.13 24.07 25 .59 27 .76 29 .1'l7
169 19 .97 20. 19 22 .57 23 .9B 24 .8 4 25 .70 27 .33
161 18 .27 19. 84 21.76 23.9B 25 . 26 26.56 28 . 62
162 16 . 91 1B. 41 20 .07 22 ."7 23. 66 25 .1i16 26 .27
163 18 . 75 21. 06 22 .70 24.11 26 .4 1 27 .39 29.58
164 15 . 7 2 18 .1 4 19 . 7 0 21 . 19 22 .76 25.25 26 .70
165 17 . 8 5 19. 47 22 .12 24 .92 26 .3 4 27 .82 29 .86
166 16 .6 1 18 .7 5 21.25 23. 34 26 .0£1 27 .38 29 . 56
167 18.0 2 21. 2 iii 23 . 16 25. 19 27 . 19 28 .95 30 .46
16 8 17 . 87 19. 49 21. 85 23 .72 27 .59 29 .67 32 .57
16 9 16.3 0 18 .8 0 22 .83
179 21. 90 24.13 26 .24 29 .23
171 17 .27 1 8 . 65 20. 59 22.39 23.75
17 2
173 15.5 8 17.96 19 . 50 20.95 22 .94 2 4 .78 27.44
17. 16. 36 18 .62 21.52 23.35 25. 15 26 .27 27. 50
17 5 19 . 93 22. 78 24 .88 26 .40 27.7fJ 29 . 38 3fJ.98
17 6 17. 21 20. 97 22.3 1 24. 14
177 17 .62 19. 48 21.07 22 . 48 25 .43 27.55 29 .25
17 8 18 . 7 0 2 1i1 .3 0 21 .53 23. 15 26.34 28 . 53 30.2 6
17 9 15.27 16 . 93 18 .4 9 20.31 21.60 23 .6'1 26 .91
189 18 . 44 19. 61 21.05 22 .8 4 24.61 26 .84 28.52
181 19 . 98 21.40 23 .64 26 .80 27.84 28 .91 31. 76
182 18 . 27 19 . 81 21. 72 23.01 24 .9 6 26.'17 27.56
183 18 .98 29 .97 22 .5 1 23 .90 24.96 27 .20 28 . 17
18 ' 15. 87 17 . 47 20 . fJ8 22 .36 23 . 42 25.19 26 . 35
185 17.57 19 .5 1 21.80 23 .0 1 25.27 27.50 28.87
382
- 7. 2\
vehicle 8 18 11 12 13 14
--------------------------------------------------------
cycle
18' 1 8.58 29.lJ4 22 .48 24 .84 27.&1 29 . 97 31. 49
187 1 9. 46 29.59 22 .17 23 .89 25.38 27 . 86 30 .31
188 1 6. 31 1 8 . 21 19 . 9 9 2l ~38 22 . 14 24 . 80 25 . 40
18' 28.07 21.71 23 .07 24 .33 26 . 52 28 . 14 29. 9 1
19. 16 . 29 18 . 64 28 .0 2 21 .77 23 .61 24 . 81 26 .93
19 1 18 .3 9 28. 71 23 . 44 25 ~87 28 . 58 3 ".44 31.79
19' 1 9. 84 21 .45 23 .4 6 26 .93 27 .54 3E1.36
19 3 21 .32 24 . 11 25 . 83 21 . 59 29 .11 31. 69 33 .04
19. 11 . 98 2E1 . 1 9 22 .78 25 ~ 5" 2 6.61 28 .61 3 0 .23
19' 1 8. 38 21.16 24 . 27 25 ~ 88 21 .3 5 29. 81 31.87
19. 19 .1 4 22 . 14 23 .66 25 . 43
197 16 .11 19 .44 22 .32 24 ~ 51 26 . 92 29 .86
198 18. 97 20 .41 21.81 23 . 51 2 5 .06 26 .43 27.54
19' 1 5. 79 11 . 36 1 8 . 42 28 .0B 21.87 24.iH 2 5 . 21
20. 1 9 . 29 20 . 50 22.22 23. 27 2 5. 54 28 . 42 29 . 80
201 19.51 21. 35 22 .86 25 .33 27 .30 30 .00 31. 28
202 29 .25 21.86 24.24 25 .42 27. 23 28.89 30.73
203 19 . 16 20 . 53 22. 48 26. 12 29 .47
204 19 .44 21. 49 22 . 87 24 .50 26 . 83 28 .96 3 0 . 74
205 17. 94 28 .81 22.05 23 ~6 2 25.25 27 .95 29 . 17
20. 19 .88 22 . 76 25 . 53 27 . 89 29 . 28 30 .5 2 3 2 .5 4
207 21 .03 21.52 23. 21 24 .61 27 .6 7 29. 07 30 . 87
208 1 9. 59 23 . 19 25 .90 26 ~ 4 9 27 .57 29 .27 31. 32
28' 28."6 22 . 30 25 . 58 26 ~ 7 4 29.12 31.54 33 .77
210 19 .02 21. 43 23 . 62 25. 43 26. 61 28 .97 3 0 . 89
211 1 7 . 78 19 . 04 28 . 47 21 ~ 7 . 2 3 . 27 24 . 92 27. 50
21' 1 8. 26 22 .110 23 . 60 25.59 2 8 . 31 30 . 011 3 1 .6 7
213 16. 63 18.32 19 .95 21. 8 4 2 4 . 38 27 . 27 3 0 . H'
214 21 .02 22 . 65 23. 9 0 26 ~ 31 28 . 89 29 . 39 31. 81
215 17 .56 19. 78 21.50 23. 47 2 4 .65
21. 1 8.14 1 9 . 61 21.65 23 .68 26 .1Jl 27.55 29 . 75
217 16 . 88 28 .6IJ 21. 43 22 . 55 2 5 . 28 27 . 5 3 28 .56
210 211 .11 22 .13 23 .84 28 . 48 39.11 33 .34
219 16 . 64 18 .67 19 . 96 21 . 911 2 3 .54 24 .6 4 25 .68
220 16.68 1 9 .38 28 .64 22 .lJl 23 .89 26 . 65 2 8 . 11
221 1 8. 85 19 .98 21.28 23 ~ 06 25 . 54 28 . 26 31.55
22' 19 . 1 3 21. 62 24. 1 4 26. 22 27 . 59 30 . 51 31. 88
223 1 9. 011 22 . 38
224 1 9 .78 29 . 94 22 .76 24 . 48 25 . 95 27.54 2 8 . 78
22' 28 .12 21.83 23.54 25 . 11
22. 28. 58 21.96 23.33 25.73 27 . r;n 29 .36 3" .66
227 1 8 . 1 4 19.87 21.42 23 . 46 26 .74 28 .24 3 0 . 50
22 8 17. 24 19 .20 20 . 58 22.43 24 .08 26. 51 28.84
229 29 . 29 21.75 23 .38 25.67 26 .7 3 29.39 31.41
230 21 . 96 22 .69 24 .70 26 .31 28 .24 29 .61 31.59
231 11.79 1 9 .20 21 .15 23.44 25.12 26 .70 2 8 . 14
232 16 .34 17.78 19 .53 22 .37 2 5 .3 8
233 1 9 . 18 29 .2 4 21 . 7 2 24 . 88 27 .5 2 28 . 43 29 .67
383
-7 .2\
vehicle • I • 11 12 13 14
--------------------------------------------------------
cycle
234 19.62 21.72 23 . 44 26 .1] 27 .48 29 . 84 31.5]
235 19 .5 7 21.88 n .07 25 .21 27 .64 38. 13 32 .4 1
23' 16 .33 11 . 32 28.33 22 .68
231 16 .59 18 . 99 21.90 23.18 2 4 .56 25 .6 4 21.71
23. 19.80 21.68 2] .66 24 .77 27 .17 38.51 32 .8 6
23. 1 8 . 31 28.]4 21.60 24. 0 3 25 . 28 26 .3 4 28 .55
240 20.91 22 .26 24 . 05 25. 16 27.03 29 .82 32 . 40
241 17 .0 6 1 8 . 78 20 . 3 2 23.67 25.00 26 . 14 27 . 54
242 1 8. 70 20.17 21.63 23 . 40 26 .30 28. 24 38 .24
243
244 17. 43 19.48 21 . 12 22 .42 2 4 . 16 25.49 26 .98
245 Hi . 7 ] 1 9. 21 20 .7 8 22 .86 24 .55 25 .94 27 .83
246 19.77 21.55 23 .87 25 .25 26 .68 29. ]6 3 1 .18
241 21 .89 22.54 24 . 3 9 26 . 1 8 27 .84 31 .2 7 32 .66
24. 19 .8 7 21 . 48 22 . 7 4 24 . 99 27.14 28 . 98 39.38
249 2 11 .28 21 .33 23 . 1 5 24. 29 26.45 28 . 31 30.91
25. 28 .14 22 .96 24 .24
251 29.31 21 .19 24 . 17 27 . 05
252 1 8.18 19 . 88 21. 36
253 2 11 . 44 22 . 41 2·L23 26 . 91 27 . 75
254 19 .75 22.15 23 . 76 26 . 35
255 15 . 64 17.58 28 .23 22 .211 2 4 . 10 25 .8 6 26.80
256 19.87 21.14 24 .03 25 . 46 27 . 76
251 18 . 50 19.97 22 . 55 23 .84 27.86 29 .67 3 1 .91
258 17 . 74 1 9 . 16 28 . 9 4 22.69 25 .86 28.10 29 .6 4
259 1 5. 97 17. 69 19 . 16 20 . 55 22. 70 24.24 27. 07
260 17 .3 4 19 .1 2 28.94 22 . 14 23.92 25 . 45 26.67
261 29. 03 38 .9 4 22.67 24 .65 26.15 27 . 55 2 8 . 97
2'2 16 . 81 17 .36 19.5 0 21.62 23 . 19 25 . 86 27.43
2'3 16.9 4 1 8. 07 19 .05 21.11 22.78 25 .1IJ 26.42
264 19 . 94 21.57 22 .86 24 . 09 25 .38 27 . 1 5 28 .72
265 1B.74 19 .95 21.91 23 . 34 25. 87 27.12 2 9 .5 8
266 29 . 42 21 .76 24 .88 27 .23 2 8 . 79 38 . 21 31.74
261 17 .82 1 9. 45 28 .94 22 . 59 24.1 ~ 25 .01 26 .57
2'. 18. 38 28 . 60 22. 55 25 .68 21 .79 30 . 61 32.21
269 18. 43 20. 56 21.72 24 .32 25.85 21 .36 30 .35
210 17 . 1 5 19 . 87 21 . 25 22 . 82 24 .92 26.48 29.57
211 21.67 23 .95 26.31 28 .42 2 9 . 97 32.34
212 1 S. ee 21 .8 7 23 . 27 24 .85 26 .74 28 .21 29 .63
213 17 .9 4 1 9 . 91 21. 35 22 .84 25 .27 28.13 2 9 .29
214 19 .6 2 21 . 18 22 .76 24 . 51 25 . 81 27 .67 29 .43
215 20. 04 2] . 64 26 . 54 28 .91 3 11.79 32 . 34 33 . 93
216 17. 83 1 8 .71 211 . 0 3 21. 6] 2 3 .07 24 .54 26 .114
211 lB . 34 19 . 71 23 .20 24 .58 2 6 .54 28 .27 29 .8 1
21. 18 . 82 28 .5 4 23 . 33 25 .2 4 26 . 72 28 . 41 29 . 47
219 16. 79 18 . 30 19 . 87 21.87 23 .95 24 .6 1 25 .8 4
2•• 21.25 23 .S8 24.79 25 . 99 26 .90 28 . 91 3 1.57
2., 16. 56 19 .118 21 .25 22 . 74 2 4.81 26 . 31 27 .78
3. 4
- 7 . 2\
vehicle 8
"
11 12 13 14
cycle
282 21. 30 22 .79 24 .20
vehic le 1 0 11 12 13 14
------------~-~----~~ - - - ~ ~--~---- ~-- - - - - - - - --- - - - - -- - - - -
no. of
cycles 275 272 267 252 234 215 2..
mean
elapsed 18 .7 1 20 .74 22 .58 24 .48 26 .28 28 .20 29.86
time
- 7. 2%
vehic le 15 16 17 18 I. coun t






5 30 .59 32.41 1 .
• 32 .68 33 . 80 1 .7 28.85 31 .35 1 .
8 31 .77 33 .34 1 s
• 33. 21 15ra 14
11 1 2







29 . 71 3fa, 90 32 .96 37
20 14
21 29 .04 32 .5 1 I'22 31.30 32.39 I'
23 31 . 06 3 2. 77 1 .
24 30. 67 32.27 1.





sa 29.02 31.41 rs
31 34 . 03 15
32 11
38 5
- 1 . 2\
ve hi c le i s If 17 18 I . c ount
------ -. _. _----- -- -------- --- ------- ------
cy c l e
33 32 . 7 9 H .il9 1.
3. 31 . 12 32. 7a 1.
35 7
3. 39 . 88 31 . 44 1.
37 •38 Je . 21 1 5





44 27 . 39 29 . 87 31. 57 17




4. 32 . 86 1 5
5. 30. 66 33 . 40 ..
51 31. 7 4 1 5
52 29 . 74 15
53 33. 51 1 5
5 . 39 . 68 32 .96 1.
55 14
5. 30 . 39 15
57 14
58 14
5. 32 . 66 15








•• 32 . 48 1 57. 1.
71 32 .64 15
72 3(' . 64 32 . 93 1 .
73 1 .
7. 11
75 32 .11 15
7. 29 . 63 32 . 75 1 .
77 31 . 67 3 3 . 2'J 1.




- 7 . 2\
vehic le 1 5 • 16 17 r a 19 count
------------------- ---- -- - ------- -----~---
c yc l e
a i 32 .86 1 5
.2 14
.3 33.58 1 5
•• 1 3
.5 31. 77 3 3 . 7{j
"•• 29 .9 1 3 2 . 62 1 •




91 29 .68 31.67
"92 1 2
93 33. 42 1 5
9. 5
95 14
9. 32 . 77 1 5
97 1 3
9 . 13
9 . 33.87 1 5
,.. 33 .22 15
181 32 . 39 33 .34 1.
, . 2 11
, . 3 34 .94 15
,.. 13
, . 5 39 . 65 3}.28 rs
,.. 32 .83 1 5
, .7 11
,.. 11
'.9 3 2 .91 1 5










12 . 1 3
1 21 32 . 36 1 5




12 ' 2 8.88 3 0 . 91 32 . 14 1 7
12 7 31. 53 3 3.48 1 .
129 32 . 94 1 5
3.7
- 7 . 2\
vehic le 15 is 17 18
"
count





132 33 . 15 15
133 14
134 38 ."6 31. 84 rs
135 38 . 14 31. 84 32 .5 8 17
13. 29 .53 31. 14 rs
137 31 .22 33 .99 1 .
138 36 .16 32 .97 1.






14' 33.56 1 5
147 33 .27 1 5
14 8 14
14' 31 .98 33 . 16 1 .
158 31J, 96 32.68 1 .
151 29 . 23 32 .44 1.
15 2 33.63 1 5
153 31.6B 32 .66
"15 4 27. 43 29 . 57 31 . 82 33.56 18
155 38.19 32 . 26
"15. 28.74 36 . 64 1.
157 14
15 8 30 . 913 32 .66 1.
15. 31.54 33. 40 rs
,.8 29 .61 31.94
"
'"
38 .62 33 . 04 1.
,.2 27.44 30.87 31 .94 17
,.3 311 . 7 2 32 .3 4 1.
,.4 28 .36 29.89 31. 51 3 2 . 8 9 18
"5 31 .79 15
, ss 38 .98 15
,.7 14






173 28 .90 30 . 5 8 32.56 17





ve hic l e 15 16 17 18 I . coun t
-- -- ---------------------- -- ----- -- -------
cycle
117 30 .98 15
178 32 .4" 15
17. 29 . 32 31 .14 10
188 29 .9 5 31. 57 32.85 17
181
"182 30 .34 ' 5
183 3 0 . 14 31 .1 6 33 .18 17
1 8. 27 . 34 30 . 06 31.68 17
18 5 31 . 76 32 .63 10
1 80 33 .0 7 15
1 87 32 . 16 15
1 88 27 .74 29 .94 3 3. 35 17
18. 31 .56 32.95 10
'"
28 .54 30 .87 32 .49 17
i ai I.
,.2 13
, . 3 14




' . 8 14
I •• 26 . 84 28 .12 29 .42 31.22 32 .71 I .
"8 31.97 15
2" 32 . 33 15
" 2 32. 87 33 . 97 10
" 3 12
". 14
" 5 30 .98 32.71 10
280 14
" 7 3 2 . 94 15
288 32.93 15
". 14210 3 2 .73 15
211 28 . 79 30 .05 32 .4 2 17
212 I .
21 3 31. 74 15
21 . 14
21 5 12





"221 34 . 49 15
22 2
"2 23 •22' 31. 40 15
38'
- 7 . 2%
vehic le 15 16 17 18 19 co unt
--- - ------- - - ----- ---- - - - - ---- - - - - - ------ -
cyc le
225 11
226 32 . 93 15
227 31. 8 9 15
228 31 .43 15
229 33 .28 15
23' 14
231 29 .24 30.97 16
232 12
233 31 . 15 32 . 44 16
234 I'
235 33 .4" 15
236 11
237 29 . 63 31.21' 16
238 14
239 29 .92 31 .20 16
248 I'
241 29 . 44 33 .92 34 . "1 17
242 31 . 5 4 15
243 5
244 28 .23 39 .25 32 .41 17
245 28 .57 30 .20 31.7 8 32.79 18
246 32 .9£1 15
247 33.89 15
248 31.47 15






255 29. 18 38.85 32.23 34 .11 18
256 12
257 32 . 80 15
258 31. 07 15
259 28 .47 29 . 91 16
26' 28 . 97 3li .06 16
261 38 . 08 31. 25 32 .77 33 . 88 18
262 29.29 29. 99 38 . 75 17
263 27 . 57 29 . 21 31.09 32 .50 18
26 ' 31'1. 5 0 32. 4 4 33.99 17
265 I'
266 I '
267 28 . 1'4 29. 2 2 30 . 95 32 . 36 33 . 22 19
268 34 . 1 2 15
26 9 14
27 ' 31.27 32.60 16
271 13
272 30.97 33.20 16
39 8
- 7. 2%
vehic le 15 1 6 17 18 I ' cou nt
-------- -- ------------- ----------- -- ------
cycle
27 3 30 .80 32.76 16
274 31. 92 1 5
275 14
276 27 . 47 29.64 31.tl6 17
277 31.6 4 32. 58 33 .6 1 35 .37 1 8
278 30 .75 32.60 34 . 13 17
27 ' 27 .39 29 . 11 30.57 32 .00 1 8
280 33 . 45 1 5
28 1 30. 7 8 32 .69 1 6
282 1.
------------------------------------------
ve h Lc Le 1 6 17 1 8 I ' 2.
------------- ---------- ----- -- ------------
no . of
cycles I S' 86 28 1.
mean
e lapsed 31 . 10 31. 86 32 .24 33 .07 32 .97
time
+0 . 6%
ve hi c l e 1
---- -------------- --------------------------------------
cycle
1 4 . 84 7. 23 9. 74 11.88 13 .6 0 14 . 7 9 16. 92
2 5 .87 7.83 10. 83 1 3. 38 14 . 59 16 .5 5 17 . 07
3 4 .24 5 .58 7 .87 1 0. 39 11. 9 5 13. 2 4 14 . 87
4 5 .77 7. 15 9.76 1 2. 47 13 . 8'1 15 . 3 3 16 . 91
5 5 .29 9 . 04 11.71 13 . 59 16 .22 17 . 9 2 20 .8 0
• 8. 14 1'1. 01 11 .31 13 .15 14 . 66 15. 97 17.3 67 5 .84 8 .62 10 .1 8 11. 89 13 . 08 15. 6 5 16 . 87
8 7. 33 lB . 30 11.57 13 .28 15 . 9 4 18 . 61 20 . 12
s 3 .35 4. 73 7.01 9 .08 11.71 13 . 17 15 . 00
10 7 .71 9.67 11. 61 14 .1 8 16 .18 17. 97 215.57
11 5 . 60 7.5 4 8. 95 10 . 31 11.7 9 13 . 93 15 .1 9
12 4 .39 6 .29 8 . 47 9 .84 11. 6 15 12 . 9 2 15. 64
1 3 4 . 2 5 6 .715 9. 59 10 . 14 12 . 2 0 15 .0 8 17 . 12
14 5 .5 4 6 . 81 9 .13 11. 50 13 . 01 16 . 15 18 . 14
1 5 5 . 36 7 .71 9 . 44 11. 67 13. 9 4 15 . 1 8 16. 67
I ' 4 .94 6 .77 8 . 45 HI .3 4 12 . 0 8 14 . 3 9 16. 47
17 6.0'1 7.57 9 .69 11. 99 13 . 5 4 15 . 2 9 17 .43
1 8 4 .96 6.77 9 .8 8 1 3 .915 15 .86 17. 99 19 . 46
I' 6 .11 7. 52 9 . 11 11.31 12 . 86 14 . 86 16.14
20 5.04 7.78 9 .68 11. 74 13. 33 14. 62 16 . 47
21 6 .00 8 .23 9.46 10.86 12. 67 14 . 60 16 .17






23 5. 98 8.54 18 . 90 12 .30 14.35 15 . 93 17. 39
24 5.95 8 . 86 17 .78 13.90 15 .93 17 . 5 3 18 . 84
25 5 .69 7.4 8 . 95 19. 65 12 . 64 14 . 71 16 .34
26 5 .76 7. 83 1 :.1 . 1:11 13 . 46 14 . 97 15. 99 17 .2 9
27 7. 19 9 .B9 11.49 13.29 14.63 17 . 9 2 19.07
28 5 . 39 7.33 8.89 18. 58 11 . 9 4 13.74 16. 31
29 6 .BIJ 7 .67 9.98 11. 54 13.1 8 14 .8 4 17 . 39
3. 5 .81 7.23 9 . 95 11.17 12 .6 2 14. 27 16. 27
31 5 . 70 8 . 04 ra.st 1 2. 81 14 . 3 2 16 . 07 18 .4 7
32 5 .96 7.82 10 .4 9 12 . 29 13. 96 17.17 19 . 47
33 5 .98 7.80 9. 78 1 2. 19 15 .13 17 . 5 0 19 . 18
34 3 . 44 6.U 7 .68 9 . 17 11 . 20 15 .6 8 17 . 29
35 5.92 8.6 9 HI .71 12. 213 13.26 15.2 4 17.28
36 8 . 43 18 . 08 11. 25 12 . 69 14 . 01 15 . 10 16 . 87
37 6 .8 0 9 . 27 10 . 7 4 11.99 13.97 15. 99 17 ..29
3. 4 . 66 7 .64 10. 11 12. 49 15 . 44 17. 04 19 . 06
39 4 . 25 6 .51 8.33 9.71 1 2 . 70 15.97 17 ..88
4. 4. 1 4 8 .87 11.82 13. 63 15. 57 17 .11:'1 18.84
41 6 .4 1 7 . 49 9 .40 12. 50 14. 04 16 .24 17 . 27
42 5 .02 7.92 10. 02 11. 91 13. 39 15 .78 17. 1'1
43 4 .88 6.57 8 .40 9 .81 12 .4 4 14 . 01 15 .85
44 7. 02 8.79 10.97 13 . 01 14. 11 15 . 28 18 . 20
45 5 .8 1 7. 41 9.5C 11.57 13 . 99 15.03 16 . 99
46 4 .3 0 6 .25 7.82 7.82 10 ..67 1 2 .17 13 . 71
47 9.00 10 .40 13.67 15 . 51 16 ..74 18 . 64 29 .03
48 4. 85 6.25 8.60 H1.02 1L 90 13 . 77 14 . 7 0
49 4. 1 2 8.55 9 .69 12 .29 15 .14 17.09 19 .04
5. 6.59 7.89 9 .40 11. 03 12 ..97 14 . 64 17 . 02
51 6.48 7 . 7 9 9.50 11. 02 13 .34 14 .6 3 15 .71
52 5 .1 9 6 .50 8 .25 9 .70 11 . 73 14 .07 15 .8 2
53 4 .5 5 6.52 8. 15 113004 l L84 13 .1 2 16 . 59
54 5 .84 8. 86 10.52 11. 98 14 . 05 16 .0 6 19 .17
55 4 . 73 7 . 71 113 . 80 16 .31 19. 08 20 .37 23.32
56 5 .32 7. 70 9 .6 1 11 . 42 13 .7 5 15 . 75 16 .90
57 4 . 44 6 . 41 8.5 1:1 9 .97 lL18 13 .21 15. 54
58 6 .1 6 7.74 9.72 12 . 1:14 13. 49 15 . 2 1:1 16 . 71
59 5 .65 7.50 9.46 10 . 93 12 . 4 8 14. 45
6. 5.71:1 7.91 9 . 90 11. 87 13 . 60 15 ..42 16 .77
61 6 .53 8 ..75 l L20 12 . 3B 14.16 15. 9 5 17 . 54
62 5 . 14 6.38 8 . 42 11 . 94 12 ..50 13.76 15. 13
63 4 .14 6 . 24 9.04 11 . 49 1 2 . 99 14 . 80 16 .77
64 6. 89 8.43 11.83 13 . 40 14. 68 16 . 00 19 .02
65 4 . 17 6.47 7.97 9.07 11 . 22 12 . 7 0 15 . 46
66 7. 65 9 . 21 11. 61 13.68 15 . 78 17. 49 18. 87
67 6 .89 10 .45 13 . 04 15 . 67 17 . 64 19. 10 20.23
68 7 . 9£1 9. 14 11 . 97 13. 97 16 . 21 17. 67 19 ..16
69 5 . 39 6. 96 8.56 11. 08 13 .3 4 15. 40 17. 65






71 6 .27 8 .41 11 .32 12. U 13 .79 15 .62 17 . 88
72 5 .33 7 .08 18 . 40 11.96 13 .41 14 . 4 2 15 .88
73 4 . 17 5 . 40 7 . 53 9 .46 11 . 73 13 . 80 16 .24
7< 4.77 7. 74 10 . 54 11 . 74 13 .87 14 .77 16.71
7S 5 .97 8 .119 9 .7 6 11.21 12 .52 14 .9 4 17.17
7. 5.26 6 .95 8.95 11 .86 12 .87 14 . 9 8 1 5 . 64
77 6.97 8. 38 18 .32 13 .111 14 .80 1 5 . 90 17 . 54
78 5 . 14 6.83 8. 67 10 .1 5 11. 94 13 . 6 4 14 . 84
7. 4. 44 5 . 87 7.40 11 .92 13 .90 14 . 38 1 6 .B1
8. 4. 98 5.9 4 8. 1 9 U .56 12 .87 14 . 27 15 . 98
81 4 . 07 5 .63 7 . 111 9 . 37 lIJ . 79 13 . 53 1 5 . 27
82 4 . 28 6 .4 7 8 . 17 10 .1 5 11.7 4 12 . 79 15 .33
83 5 .4 3 7 .23 10 . 7 2 1 4 .1 9 15 .5 0 16.84 18. 28
8. 5 .19 6 . 90 12.65 14 .5 2 17 . 58 19 .10 20 .7 5
8S 4 .83 7.29 8 .6 7 10 .37 1 2 . 57 14 . 23 15.85
8. 3 .85 7 .57 9. 14 10 . 29 13 . 53 14 .84 1 7 .70
87 6 .0 8 7. 52 9.90 12 .2 5 14 .'UI 1 5. 6 8 17 .61
88 5 . 94 8.0 4 9 .98 11.34 12 . 96 15 .08 16 .37
8. 5.64 7 .78 9. 17 11. 78 13 . ' 3 17. 7 9 1 8 . 92
"
5. 12 7.30 8. 90 12 .17 13 .1 8 14 .4 0 15 . 94
'I 4 . 18 6.07 7 . 74 9.20 11. 040 12 .86 14.46
' 2 6 .87 8 .42 10 . 60 1 2.42 16 .98
93 5 . 18 liJ.87 1 2 .60 14 . 9 4 16 .57 1 8 . 7 9 28.24
94 3 .6 3 6 .54 8 .7 0 11. 07 13.34 15 . 07 17 . 73
95 6 .80 7 .94 9 .2 4 10. 63 12 . 57 14 . 41
96 6. 38 7.53 9.9 9 11. 7 9 13 . 38 16 . 0 2 17 .23
'7 5.48 7 . 39 8 . 95 IB . 91 12 . 70 14 .2 4 16 .07
'8 5 .71 6.83 8. 48 10 .31 11 .58 13 .97 1 5 . 02
99 4. e 8 6.21 7 . 49 9.32 12 .86 14 . 81 1 6 .55
1'8 5.81 7. 28 8.59 10 .58 11.54 13. 34 14 .81
18 1 5 .B3 7 .8" 9.47 11 . 50 12 .79 15 . 1 7 17 .17
18 2 4 . 58 6. 78 9. 93 11 . 89 13 .78 16.14 17 .57
18 3 5 .51 6 .73 8. 17 10 . 51
1 84 6. 18 7. 61 9.60 11. 34 12 . 70 1 3 . 97 1 5 . 7 3
185 4 . 96 6 .18 8. 5 9 9 . 62 12 .90 13.57 14 .87
18' 5 . 36 7. 57 10 .14 1 2. 29 13.97 17 . 0 8 17 . 97
187 4 . 28 7 . 6 04 9 . 09 10 . 57 12. 39 13 . 52 15 . 8 04
,.8 4.15 6 .34 7 .7 0 11.14 12. 30 13 .64 14.95
1 89 4 . 36 7 . 49 18. 8 4 1 2 .64 13 .77 15. 27 19 .1 8
11 . 3 .34 5. 53 7 .20 9 . 43 11.56 12 .82 14 .19
111 3 .2 8 4 . 71 6 . 6" 8 . 34 9 .81 11.56 14 . 91
11 2 3 .70 6 .83 8. 64 9 .93 11. 51 13.18 1 5 .8 8
11 3 4 .5 8 6 .96 9. 5 8 11 .'7 13. 56 14 . 8 " 16 . 57
11 . 3 . 69 4.82 5 . 85 9 . 58 12 .90 1 5 . 22 17.44
liS 6 .19 7 .60 8.63 11. 22 1 2. 85 14 .67 17 .8 '
11. 6 . 99 8 . 43 10 .28 11 . 58 13 . "" 15 . 3 3 1 7 . 46
11 7 7 . 69 8.60 18 . 78 1 3 . 07 14 . 48 1 6 . 73 17 . 84




---------------- ------- --- -- --- -- --- -- -- -------------- --
cycle
11 9 4.67 8 . 16 1I'l.I'II'I 11. :'13 12 . 83 15.94 17 .39
1 20 4.67 6.97 9.47 lI'l.75 13 .1'13 14 .39 15 .84
1 21 4 .9 5 8 .93 9 .73 12.44 1 3 . 7 8 15.88
122 5.67 7.48 9 .1'19 11'1 .53 1 2 . 55 13. 84 14 .87
1 23 5 .39 7 .H 9 .5 1 11.51'1 13 .1'14 16 . 5 8
1 2. 5 .81'1 6.94 8 .55 12 . 09 13 .33 15 . 30 17 .16
1 25 5 .58 8 .17 9.85 11. 46 13 .57 16 .1'1 6
12. 3 .1'1 1 4 . 413 6.75 la .a 4 1 4 . 131 17 . 51 19 .il6
1 27 5 .73 a .e a 11 .1 4 13 .87 15 .59 2il. 16 22 .29
1 28 5.41 7 . 7 6 i a.aa 11. 87 1 2 . 99 14.99 16 . 39
129 5.88 8 . 16 9.55 11 . 26 1 2 .74 14 .16 15 .21
130 5 .84 8 .38 11'1 .22 1l . 62 13. 19 16 .1'15 17 . 42
131 5.9 4 8 .17 9 .63 1l .45 1 3 . 16 15 . 1'1 8 16.38
132 5 .1'12 6 .4 1 8 .31 HI. 24 12.52 14 .139 16 . 97
133 5.65 7.98 9 . 19 11.7 6 14 . 13 16.79 19 . 55
13 . 4.87 7.59 9 .18 ra.si 11 . 81 14 .1'17 15 . 7 5
135 5.24 7 .47 8 .74 11.2 1'1 1 2 . 55 15 . 54 16. 91
13 ' 5.34 6 .61'1 8 .81 11'1.14 11.51 14 . 57 16 . 13
137 6.65 113 . 25 12 .3 2 14 . 31'1 16.81'1 18. 57 21'1 .27
1 38 7. 15 9.54 l1.Hl 13 .11 1 5 . 92 17 . 1'1 5 18 . 30
139 6. 34 7 .33 9.21'1 lB.27 13 .41 15 . 33
, . 0 5 .61 7.66 10 . 19 12. 22 13 . 58 15. 51 16.68,., 4.B 5 6 .34 7.BB 11'1 . 45 11. 91'1 14 . 84 16 .23
,.2 6. 35 7 .84 9 .3 9 11. 13 13 . 47 15 . 1'1 1'1 17 .34
143 7.25 9.41 1I'l .68 12 . 75 13.98 15.73 18 .1'11'1
1 44 5 .74 7.7 3 11.13 12. 6B 14 .1 2 1 5 . 85 17 . 43
145 5 .34 6.77 9.1'11'1 11'1 .29 1 2. 81'1 14 .81'1 16 . 29
146 5 .05 7 . 4 1'1 9.1'11'1 11'1 .34 1 2 . 33 13 . 58 17 .2£1
1 47 5 .51'1 6 .7 6 8.31 9 .65 11 . 23 1 3 . 33 15 . 27
148 6.28 7 .73 9 .4 13 11 .04 1 2. 27 1 3. 8 9 15 .68
1 49 6.81'1 8 . 6 B i a.ae 12 . 66 14 . 71 15 .9il 19.20
150 8.48 H~.38 12 .26 14. 09 15.61'1 17 .7 2 19.25
151 4. 45 7 . 57 9 .32 11'1 . 99 12.55 14.30 16.51
152 3.98 6 .27 8.50 9.94 11. 85 13. 5 1'1 15 . 24
153 5 .38 7 . 3 3 9 .7 9 11'1.87 13. 69 18 . 07 26.48
154 4.87 6 .33 8 .16 10 .1 5 14 .45 17. 34 21J.03
155 4.22 5 .B 7 7. 94 9 .03 11 . 27 1 2 . 6B 14.311
15' 5 .a7 8 . 47 9 .97 11.92 13 .57 15 .51 17 .34
157 6. 70 8 .07 10. 42 11. 54 13 . 11'1 14. 79 18.47
158 3.52 5 . 34 7.7 5 9 .81 11 . 11 12.84 15 .7 13
159 3 . 90 5 . 6 5 B. 19 13 .74 15 .42 17.17 19 .4 7
,.0 B.3 4 1" . 93 12 . 56 14 . 1'17 1 5 . 21 16 . 27 18.4 1,., 5.26 7 .5 7 9 .25 10 .8 5 12 .7 4 1 3 . 87 15 . 813
,.2 5 .9a 7 .91 la .54 11 . 87 13.43 I S . HI 16 .4 6
, . 3 5.16 6.51' 7 .97 11. 39 12 .90 14 . 15 15.92
164 6 .51 8 .26 9.86 11.63 13 .1 4 14 .66 15. 64
,. 5 5 .10 7 . 17 9 .25 11'. 74 12.31 14 .4 8 17 .2 9
, ss 6. 74 8. 33 9 .84 l1. 3B 13 .6B 15 . 33 17.1'15
394
+8 .6\
vehic l e 1
--------------------------------------------------------
cycle
28 .6-4,.7 15 . 27 19 . 7 -4 21.68 22. 9-4 24.-45 26 .84
,.8 6 .2 2 9 . 47 18.97 12 .66 15 .21 16 .28 18 .14
169 6. 87 8.48 18 .lIJ 11. 88 13 .86 15 .28 16 .84
17' 5 .69 8 .34 11.19 13.83 15 .5 9 16 .71 17 .97
171 lIL48 11 .83 13 .29 14.87 17.17 18 .37 19.4 2
172 4 .47 6.15 8. 52 llJ.lJlJ 11.25 1 2 . 93 14 .1 5
173 5 . 28 6 . 51 8 . 34 9 .7 2 11. 43 13 . 29 16.9 5
17 . 5 .38 6 . 96 8 .29 12 .19 13.73 16 . 2 9 18 . 48
175 4 .7 l!1 7 .50 lIJ .fJ6 11 . 75 13 .31 15. 41 18.32
17. 4 .34 6 .6fJ 7.86 9.59 12 .24 14 .29 15 . 31
177 6 .64 8 . 66 18 . 17 11 .25 1 2 . 53 14 .54 15 . 87
178 5 .74 7 . 95 9.54 11.41 12.84 14 .42 15 .97
179 6. 19 8.57 11 . 68 14 .24
1 88 4.89 6 .6 8 8. 11 Ie . 13 12.11 14 . 21 16 . 31
18 1 4 .33 5 . 96 7. 62 9 . 54 11.08 1 2 .98 15 .32
182 4 .95 7.99 9 . 67 18.91 12 .29 13.90 15.84
18 3 5 .78 8 .2 4 U~ .34 1 2 . 48 14.1 2 16 . 03 18 . 80
18' 4.61 7.84 10 . 24 1 2 . 27 13.41 15 . 81 18 .24
185 4 .26 5 .95 8 . 14 9 .85 12 .28 15 .87 16 . 7 8
18. 8.38 10.58 11. 92 14 .16 15 . 86 17 . 56 19 .84
187 5 .9 2 7.41 9 .58 18 . 83 13 .84 15 . 88 17 .65
188 6 .61 8 .16 18 .14 12 .31 13 .63 15.04 16 . 99
189 4 . 54 6 . 28 11' .40 11.74 13 .35 14.57 16 .1 5
'"
7 . 33 9 .62 11.49 13 .24 14 .23 15 .88
191 5 .17 7 . 82 9.77 1 2 .2B 13.59 15 . 15 16 .5 3
192 4 .94 7 . 42 9.95 18 .12 11 .51 13. 55 14 .99
193 6 .78 11.41 15 .10 17 . 77 19.35 21.94 22 .28
194 4 .611 6 .19 7 .68 9 . 68 1 2 . 19 13 .84 15.25
19 5 5. 61 7 . 40 9 .14 liJ .9 2 1 2.56 14 .32 16 .11
19. 2 .64 4 .72 7 .18 8 .62 9. 91 12 .31
197 6. 57 9. 32 lB .4 7 12 .27 H .39 16.83 18 .24
198 5.18 8 .10 9.26 11.28 13 .23 16 .3 7 19 .1 5
199 5 .34 9 .5 5 12.96 14 .34 16 .29
2•• 3 .34 4.47 5 .9 4 B.73 I lJ. 46 1 2 . 7 6 15.15
201 3 .34 5.1 4 8 .94 18 . 58 11.83 13 . 46 H.79
2.2 6 .18 9 .36 10.89 11.84 14 . 23 16 . 2fJ 18 . 27
2.3 4.70 6 .97 8 .59 9 .B4 12.21 14 . 2 8 15 . 35
2.' 5 . 19 9 .13 13 .88 14 .65 16.38 17 .84 18 .93
2.5 5 .86 8 .55 9 .58 11. 46 13.06 14 .94 16. 46
2.' 5 .U 7.24 9 .17 18 .86 12 .7 4 18 . 42 21 .56
2.7 6 . 45 8 . 31 9 . 57 11. 27 1 2 . 87 13 .94 15 . 37
2.8 5 . 82 7 . 89 8.94 10 . 73 1 2 . 98 14 .4 4 16 . 28
2. ' 4.7 5 6 .29 7 .63 8 . 56 111 .13 1 2 . 9 8 13 . 87
210 3 .96 6 .5 1 7 .6 4 8 . 49 9.84 1 2 . Ul 13 . 89
211 4. 811 6.84 8 .88 18 .14 11. 44 12 . 49 14. 34
212 3 .91 5 .28 7.85 9.37 1l. 18 1 2 . 88 14 .7 2
213 4 . 88 9 .65 10 . 95 12 . 28 13 . 48 14 .6 7 16 .8 1





c yc l e
215 3.74 6 .85 8 . 47 9 . 99 11 . 26 13 . 87 15 . 7 9
216 5.76 9 . 76 12 .87 1 2 .4 7 13 .59 16. 99 17 . 73
217 4 ..50 6 . 15 8. 11' 9 . 72 12 . 19 14. 32 15. 86
218 3 .9 7 7.14 12. 28 11. 62 14 ..44 15. 89 17. 97
219 5 .U 7 . 40 9.97 10. 23 11.90 13 .23 17 .64
22' 5. 65 7.14 10 . 50 13 .28 14.65 16.64 18 . 36
221 3.71 4 .86 6 .4 1 8 . 60 11!l . 07 11.1 2 12 .64
222 5 .89 7.52 10.16 11 . 44 12 .64 17. 24 19.97
~2 3 3.96 6 . 42 9 .44 H'I . 77 13 . 77 14 .71 16.60
22 . 5 . 57 7 . 89 9.52 11.66 13 .11 14.31 15 . 69
22 5 4 .8 2 7 . 40 9 .84 11.07 13 . 00 15 .31 17 .3 3
22_ 4. 85 6 .9 4 9. 55 1 1.71 14 .14 16.89 1 B.7 8
227 6 .19 9 . 27 HI . 61 11.89 13 ..35 15 ..23 18. 20
228 6 . 29 7 . 90 9 . 51 1 1.85 13 .80 14 .90
220 3. 41 5 . 16 6 .14 8 .49 11.36 17.14 19 . 54
23' 4 . 27 5 .70 7 . 83 16 . 12 1 2 .3 9 15. 83 11.7 5
231 5 .3 5 7 .63 8.97 10 .1 5 12 .9 7 14 . 53 15 . 91
23 2 6 . 30 9 .0 9 16 .93 12 ..19 13 . 53 14.9 4 16.56
233 4.24 6 . 11 7 .18 9 .8 4 11 . 72 13 .45 15 ..67
23. 4 .97 6 .83 8.40 10.18 12 . 07 13 . 94 16 . 98
235 5. 95 7 . 17 9 . 63 11. 30 14.86 15 .7 9 17.7 5
23_ 4..1 9 6. 40 8.52 1 2 . 41 13.98 15.31 16 .57
23 7 3.96 7 . 41 9 .41'1 11. 61 13.22 15 . 11 17.17
238 4.49 5 .9 B 7 . 41 19. 41 12 .14 13.9B 15 .5 5
230 7.91 12 . 58 13.74 15 .02 16 .51'1
24' 4 .76 8 .83 10 ..67 11.89 14 .39 16. 26 18 . 99
241 6.68 8. 18 9 . 56 11. 60 12 .94 14 .48 16 .94
242 5.18 8 .03 9 .57 11. 29 12.62 14 .74 16 . 59
243 4.98 6 .64 8 ..38 10 . 56 12.71 1 $ . 97 17 .9 5
244 3.71 6 . 24 8 . 41 9 . 53 11.9 4 13. 24 14 .6 8
24 5 4.36 6 ..60 8 ..21 10 .13 11 . 60 13.6 2 16. 95
24 _ 5 ..90 7 .61 18 .90 11 .18 1 2 . 92 14. 53 16 .9 9
247 5 ..98 7 .07 8. 21 9 .52 11.68 13. 44 15.16
24 8 5.60 1 . 74 9 ..42 11.55 13 . 41 15 ..27 17 . 87
24 0 5.58 6 .87 8 ..67 10 . 33 1 2 .58 14 . 07 15 . 64
", 6 .1 3 8 . 72 16.11 14 .5 0 17 .64 19 ..51 21. 28251 6 .B5 7. 68 9 .94 19. 35 12 .39 14.15 17 . 05





cy c l es 252 252 252 252 250 247 238
mean




ve hi cle ,
"
11 12 13 14
--------------------------------------------------------
cycle
1 19. 18 21.23
2 18 .71 21. iJl 22 . 7S 24.97
3 16. 92 18 . 17 19 . 98 22 .18 24 . 44
4 19 .54 21.72 23 . 38 24 . 91 26 . 69 29 .28 39 . 81
5 22 . 94 24 .55 26 .51 27 .71 29 . 50 31 . 54 34 .96
• 19 .76 21. 55 23 . 64 25 . 24 26 . 51 28 . 55 39 . 337 18 . 64 21. 26 24 .02 25 .08 26 .9 5 28 .90 31.89
• 21.98 23 .67 25. 16 27 . 16 29 .14 30 .92 32 . 50s 19. 98 21.9' 22 .80 24. 17 26 . 35 28 .43 30 .0 8
1. 21.90 23 . 47 25 .63 28 .9 1 29 . 91 31.23 33 . 25
11 11. 2'2 19 .3 7 21 . 99 24. 49 26 .98 26 . 80 31.98
12 19. 26 23 .9 7 26 . 32 28 .5 3 32 .9 1 34 . 52 35 . 61
13 18 .3 4 19.54 21 . 02 22 .86 24 . 43 25 .66 26. 32
14 19 . 18 21 . 07 22. 69 24 .59 26 . 23 21 . 99 29 . 13
15 18 . 51 29. 87 22 . 82 24 .10 25 . 57
1. 17 . 49 28 .2 2 21 . 76 24 .68 27 .77 38 .28 33 .6 7
17 18.98 28 .81 21.34 22 .94 25 .64 27 .98 26 . 45
1. 21. 34 28 . 40 30 .51 3!-64 34 . 44 36.88 37 . 9 4
1 . 18.ll9 19 .3 9
2. 17.89 21.36 23 .26 25 .97 28 . 91 31.29 33 .9 0
21 18 .99 21 .5 4 24 . 74 26 . 7 9 28 . 44 29.16 31.63
22 17 . 78 19 . 66 21.37 24 .28 26 . 39 27. 63 29. 36
23 19.34 20. 98 23 .84 26 .01 28 .5 3 30 . 9 8 32 .65
24 19 . 90 21. 59 23.27 2 4 . 73 26 . 56 29. 24 31.56
25 17 . 86 19 . 23 20 .03 2 0. 92 24 . 52 25 .7 4 21 . 50
2. 18 .74 28 .13 21.36 22 .2 8 24.22 25 . 86 27 . 15
27 20 .72 23 .35 24 . 95 27 . 12 29.01 30 . 87 33 .03
28 18 . 08 19 . 56 22 . 73 25.87 27 .89 29.95 31. 25
2. 19 . 28 21.1 4 22 .88 24. 42 26 . 10 28. 50 31 .09
3. 18. 27 20 . 11 21 .62 24 .23 26 . 94 28 .07 29 . 81
31 20 .25 22.50 24 .62 26.17 27 .04 3 9 . 01 32 .1 3
32 21.92 24 .4 3 26.19 21 .95 29 .3 6 JiJ .47 32 . 99
33 20 .57 21.98 23 .95 2 6 . 59 28 .31 30 .4 1 32 .57
34 29.0& 21.41 24.54 26 .87
35 18.82 28 . 58 23 .90 25 .33 29 . 14 31. 54 33 .08
3. 18 .11 19 . 39 21 . 37 22 .96 24 .14 25 .61 27 . 36
37 18 .74 29 .5 7 22 . 42 23 . 79 24 . 95 26 . 54 28 . 43
38 20 . 95 23 .0 4 24 . 57 25 .50 26 . 79 29 .57 31.82
3. 19 .44 22 . 38 26.49 29.03 33 .83 36 . 0 6 37 .89
4. 20 .57 24 . 1 2 26. 17 27 . 57 29 . 17 30 .93 35 . 11
41 19 .1 4 21.10 23 . 80 26 .90 28. 38 30 . 5 9 32 . 10
42 19 . 60 26 . 91 28.78 30 .4 3 33. 14 36. 26 39 . 07
43 1 9 . 27 21 . 74 23.90 25 . 49 26 .95 28 .29 29 . 52
44 19.72 22 . 08 2 3 .91 26. 67 28 . 16 30 .30 32 .90
45 18 . 63 2" . 74 22 .1 6 24 . 19 25. 60 27 . 78 29. tl4
4. 15 .8" 17.86 1 8 . 80 21. 23 22 . 77 23.72 26 . 91
47 21.36 24 .9 4 26 . 7 3 28.19 29 .58 31 . 85 33 . 57
397
+1'. 6 \
ve hicl e 8 18 11 12 13 14
--------------------------------------------------------
cycle
' 8 18.114 21'. 31 22 . 19 2 4. 69 25.99 38 .62 31.77
.9 21. 36 23.92 25 . 61 27. 36 29.58 3 2 .23 33 .6 7
5. 18 . 43 19 . 71 22 . 67 2 5. 69 27.82 29 . 3 3 31.""
51 19.14 21. 51 23 .Hl 24.47 26 . 46 27 . 6 9 29 . 96
52 17.97 19 .83 21.21 2 3 .6 7 27 . 78 29 .9 1 32.21
53 18. 25 19 . 94 21 . 74 2 4 . 57 26 . 43 28 .98 3 9 . 21
54 28.18 23 . 84 26.83 29.67 33 . 15 36 . 59 49 . 90
55 25 .29
56 18 .70 19.65 21.77 2 3.3 0 25 . 04 25 .94 27 .36
57 17.56 28. 15 22 .7 9 24 .4 4 25 . 77 27 . 5 4 28 . 84
58 19 . 65 21. 38 2 4. 90 25.44 27.24 29 . 96
59
"
18.20 21. 27 2 3.50 25 .8 4 27 . 34 29 . 9 4 31.34
61 20. 14 21.67 22.80 2 6 . 54 28 . 18 31.08 33 .13
62 17.99 19 .67 21.45
63 18.19 22 . 13 24 .00 26.88
6. 21.98 22 . 12 25 .07 26 . 88 27.94
65 16 .94 18.22 19 .97 22.19 24 .3 6 25.86 28 .64
66 20. 55 22 . 21 23 . 83 26 . 13 28 . 21' 31 .07 32 .26
67 21. 47 23. 07 24.98 27.81 29 . 68 31. 27 33 .28
68
69 19 .3 1 21.1'1' 22.69 2 5.06 28 .77 3 0. 7 9 32 .5 7
78 19 . 3 4 28. 57 22 . 55 23. 45 24 .74 26 . 97 28 . 35
71 19 . 66 22 .07 23 .94 26. 70 28 . 24 2 9.81 31.lH
72 17 . 17 19.13 23 .99 26 . 52
73 17. 3 9 18 . 63 29 . 30 2 2 .13 26.47 2 8. 33 29 . 74
7 . 18 .25 19 .6 4 21.29 2 3 . 68 25.27 28 . 3 3 3ll.56
75 19 .9 3 21 . 78 23 . 66 25 . "" 27 . 71 31.27 33 . 19
7 6 18 .1 8 29.4 23 . 98 2 6.96 28.19 31. 43 33 .42
77 48 .84 28 . 13 22 . 50 2 4 . 36 26. 81 28 .51 29 .67
78 17 .21 18 .78 21 .9 5 2 4 . 04 25 .41 28 .35 311.26
79 17 . 57 19 . 59 21. 97 23 .52 25 .49 26.80 28 . 86
8 ' 18 .36 1 9 .97 21.65 23 .4 5 26. 55 27 .79 29 . 13
91 16 .47 18 .21 19. 89 2 2 .3 6 23 .8 7 25 . 38 27.75
82 17 . 23 18 .67 2 9 . 24 22 . 39 27 . 39 28 .32 29 . 42
. 3 29 . iJ6 22 . 34 24.65 25. 88 27 . 89 32.4 8 33. 66
•• 21.99 23 .69 26 . 74 2 8 .12 3 " .81 31.64 33 .6 185 17 . 27 19 . 99 22 .04 23.1 9 2 4.9 4 28.13 29.69
86 19 . 91 21.43 23.B4 2 5. 92 27 . 88
87 18.92 2".98 22 .59 24 . 30 26 .29 27 .59 28 . 93
.8 18.82 20 .10 21.37 23 .88 28 .21 29.30 39.73
89 28 .92 23 .U 26 .42 27.84
9' 16 .9 1 18 . 60 29 .34 21.64
'1 17.33 19 .04 21 .40 23.92 2 5.87 27.98 29. 58
92






vehicle 8 10 11 12 13 14
----------------- - ~ ~- ----------- - - --- --- - ------------- --
cycle
144 18 .88 21 .39 24 .62 26 .47 28.5 5 30 . 71 32.09
145 18 .19 21 .53 24 .97 25.67 26.94
146 20.62 23 .16 25 .64
147 17.64 20 .2 7 21.41 23 . 59 27.44 29.97
148 17 .99 19 .86 21.28 22 .7 3
14' 213.61 22.98 24.28 26.17 28 . 52 39. 59 33. 39l SO 20 .89 23.711 25 .81 28 . 28
151
15 2 16. 50 18 . 39 20.14 22.53 23 .87 26 . 7 4 28. 54
153 22.26 24 ..00 25.69
15 4
155 1 5 . 42 17 . 67 2B.44 23.24 25.32 29.21 31.2 4
156 19.18 21 .72 22 ..63 26.27 27 .9 1 30 .29 31. 57
157 20.89 21 .96 23 .71 26 .20 27 .84 30.87 32.23
158 17.92 19. 38
159 21.61 24.06 27 .11 28.4 4 29 .5 7 30.66 32 . 19
16' 213.00 22.44 24.11:1 25.07 26.30 28 .21 29 .97
161 18. 41 19. 69 21.02 22.33 23.63 24.77 28 .31
162 17. 69 19. 91 22.75 39.99 32 .13 35. 13 37 .7 5
163 17.57 20.22 21.75 23 .43 25 .14 27 . 53 29 ."8
164 17 . 31 1 9 . 60 21.04 22 .26 23 .60 25.84 27.07
165 19.82 21 .02 22.62 25.98 27 .76 29 .14 3" .62
166 1 9 . 91 29 .97 22 .59 25.68 26.94 29.27 32 .66
167 29 .86 31.95 33 .30 35.87 38.29 40.19
168 1 9 . 22 20 .52 22.04 23.83 26.71 28 .20 30 . 42
16' 19.3" 20 .84 23.18 26 ."5 28.37 30.22
17' 29 .67 21.36 23.61 25 .60 28 .41
171 20 .76 22.19 23.87 24.80 26.04 27 .59 29 . 21
172 16. 29 17 .54 18 .95 29.91 24.03 26 . 15 29 .28
173 19. 27 20 .87 22 .87




17 8 18 .04 20.19 21.40 22.41
17'
18 ' 17 .59 19 . 17 29 ..24 21.46 23 .97 24.67
181
182 22. 11 25 .47 26.87 28.37 30.33 34 .27
183 20 . 14 21.85 23 ..71 25 .13 26 .70 29.33 31.67
184
185 1 8. 95 20.44 22 . 46 24.3B 25 .54 27. 58 28 .79
186 20.65 22.81 24 ..82 27.17 29 .93
187 20 ."7
1 88 17 .84 19 . 17 21. 42 23.29 26 .29 28 .23 39.60
18' 17 . 91 1 9 . 81 22.47 25 .64 27 .76
190
191 1 8 .41 19 . 66 29.93 22 .2 4 24 .69 25.81 27 .79
4"
+0 .6\
ve hi c le 8 18 H 12 13
"'------------------------ ----------------- ---------------
cycr e
3 0 . 31ss 1 8. 83 2 0. 67 21.68 24 .9 4 26 .43 28 . 66
.7 17.46 1 9.14 21.75 22 . 45 23.66 26 . 15
. 8 1 8 .3 0 19 . 90 21.48 23 . 19 25 . 95 27 . 54 29 .13
•• 17 .84 19. 37 21..27' 22.67 25 .07188 16 .6 4 1 8.31 2lJ.0B 21.61"
181 18 . 46 21" .27 21.48 23 .6 3 27.20 28 .17 31 .62
182 29 .61 22 .11 24 . 07 25 .35 26 .94 27 .82 29.87
183
18 . 17 . 84 19.86 21.36 23 .20 25.75 27 . 64 28 .60
18' 16.74 19.18 21.52 23 .48 25 .66
106 21J .26 2 4.15 25 . 09 26 .67 27 .8il 2 9.25 31.17
187 17 . 39 1 9 . 45 21.44 22 .40 24 . 05
188 16 .9 4 19 .83 21. 98 24.9 4 26 .54 28 . 2 0 251 .30
18. 20 . 93 22.59 24 .58 27 . 74 29 . 24 31.85 33 .41
H 8 16 . 63 18.81 20 . 35
IH 15.75 17 .32 19 .17 20.63 22 . 89 2~.47 26 .9 1
H 2 16 .6 1 18.70 20 . 66 2 2.25 25 . 88
H 3 18 . 23 20 .2 1 21.23 23. 50 25 .14 27 .46 3 0. 14
H. 19 . 37
H ' 19 . 60 21. 30 22.55 24 . 47 26 .20
H' 19 .57 2 2. 88 24 .30 26 .11 27 .80 29 . 62 31 .77
H 7 19 . 64 20 .69
H 8 17 .77 18.99 28 .17 21 .2B 23 .44 25 .1 7 27 .27
H. 18 .31 21.54 23 . 19 2 5 . 29 26. 27 28 .28 30 .27
128 17 .37 18. 87 20 . 29 22 .01 23 .36 24 .51 26 . 38
12 1
1 22 16 . 24 18 .57 20 .02 21.rn 21 .94 23 . 09
123
12. 18. 68 21 . 36 23 . 45 25. 70
1 2'
12. 20 .47 21.9 4 24 . 05 2 5 . 40 26 . 89 27 . 99 29 .4 e
12 7 23 . 69 25 .2 1 26 . 33
128 18.32 21). 21
1 2. 16 .52 21 .53 23 .56 25 .23
138 19 . 29 21.U1 22. 12 23.8 4 24.28 25 . 81 27 . 13
131 18 .84 24 .28 27 . 93 38 . 42 31. 64 33 .98 3 6 . 42
132 18 .58 28 .6 8 22.3e 23 .69 25 .91 27 .1 5 29 .24
13 3 21. 54 23.19 26 .32 28 .86
13' 18 .3 1 29 .10 21 .31 25 .86 27. 19 28 . 91 31 .28
13' 18 .94
136 17 . 26 18 .71 2e. 27 21 .77 24. 58 27. 1J1 28 .89
137 21.69 23 . 34 25 . 93 27. 97 29. 67 31.Hl 32 .2e
13 8 2e . 50 2 2 .27 24 .06 25. 97 28 . 61 30 ."" 33. 81
13'
148 1 8. 15 2 9 .'" 22.7 5 24 .42 26 .3 8 28. 30
14 1 17 .78 2 0 .38 21.68 24 .68 27. 15 28 .86 31.1.
14 2 19 .92 2 1.74 24.05 26 .89 28 .58 31. 49 34.34
14 3 19.71 2 1.29 23 .58 25 .01 27 .14 28 .78 38 .34
3"
+11 .6\
vehicle 8 10 11 1 2 13 14
--------------------------------------------------------
c yc l e
28 . 1 519 2 16 .8 7 28 . 34 22 .58 23 . 95 25 .57
193 25 .se 27 .46 28 .60 30 .66 32.25 33 .64 35 .76
194 16. 59 19.04 21.34
19 ' 18 .8 4 21.89 23 . 1 6 25.25 28.20
196
" 7 19 . 85 24.2 4 26 . 05 27 .90 30.·...1 33 .6 0 36 . 30
1 98 28. 52 21.59
1 99
208 :>. 6 . 1 6 17 . 58 1 9 . 59
201 1 6 . 11 6 17.1 1'1 21'1 .14 21 .8 0 2.::i . 92
202 28 . 64 22 .59 23.84 24 .88
2. 3 1 6 .52 18. 96 28. 15 22.3 8
2.4 28 . 31 21.19 24 . 15 26 . 34 28 .29 29 .81 31.63
2. ' 11 . 79 1 9 .53 21 . 97 24.34 25. 78 27 .9 7 28 .81
2•• 23.41 25 .76 27. 38 39 .35 32 . 35 33 .91
2.7 18 .76 28 .92 22 .2 4 23 .6 1 25 . 30 21.14 28 .84
2•• 1 8. 13 19 .77 21.51 23 .57 25 .25 27 . 27 29 . 18
2.9 16 .10 18 . 16 21.1 9 22 .5 7 24.54 26 . 54 27. 71'1
21. 15.56 17 . 6 5 19 .59 21.35 23 . 69 25.95 27. 12
211 1 6 . 57 18 .56 19 .7 4 21 .19 23. 46 25 .19 27 . 80
212 16 .89 19 .6 4 22. 38 24 .1'10 25 .8 6 27 .47 28 .92
213 1 8 . 34 1 9 . 7 4 28 .6B 22 . 57 24.76 26 .67 ' . 44
214 29 .44 21 . 97 23 .80 25. 81 21.4 8 29 .88 31.85
21' 17. 76 29 . 57 21. 87 23 . 11 25 . 23 26 .76 29 . 2 3
21 . 21. 04 22 . 42 23 . 62 25 . 74 27.45 28 .6 7 29 . 92
217 1 7 . 54 19 .25 22 . 25 25 .20
218 1 8.25 19 . 99 21.51 22 .9 1 24 . 1 8 25.4.0 26 .81
21' 20.23 21 .80 24 . 13 26 .38
22 . 20. 44 22 .21
221 15. 69 16 . 8 3 19. 81 21.84
222
223
22 4 11 . 68 19 .35 21.28 26 .(;8 28.46 30 .22 32 .14
22 ' 28 .26 21 .92
22. 22 .88 23.61 25 . 7 4
22 7 20 .95 22 . 1 8 24 . 32 26 . U 28 . 24 30 .17 33 .B3
228
22' 21.69 24.7 5 26 .27
23 . 1 9 . 1 5 28 .17 21.9 0 24.56 26.21 29 .35 31. 42
231 1 6 .9 9 19.29 22 .7 4
23 2 1 8 . 34 20. 82 21. 80 23.50 25 . 05 27 .05 29 . 07
233
234 1 8 . 24 20 . 42 22 .09 24. 98
235 1 9 . 23 21. 7 4 23 . 22 24 . 48 26 . 40 28.81 31.46
23. 1 8 . 14 1 9 . 40 22 . 46 25 . 08 26 . 46
23 7 19 . ::1 3 28. 93 23 .0 9 24 . 49 26 . 34 27.9 4 29.G8






11 12 13 14
--- --- -- --- - - ----- --- -- -- ---- --- ------------------------
cyc le
24. 19 . 4 1 20 .85 23.65 25.62 2 7 . 86 29 . 44 32.29
241 18 . 5 9 20 . 28 21.44 22. 97 24 .71
242 18 .37 20 .1'3
243 20 . 97 22 . 83
244 18 . 48 20. 29 21.74 23 .6 3 25 .3 1 26. 96 28.41
24 5 18 .84 20 . 35 22 .62 24 .07 25 .67 27.60 29 .19
24 . 18 . 14 22 .11 25 . 22 27 .65 29 . 53 31. 23
247 16 .41 18 . 10 19 .89 22.13 2 4. 02 26.03 27 . 45
248 19 . 92 21 .27 22. 36 30 .30 3 3.56 35 .9 7
24' 17 . 17 18. 53 20 . 30 22 . 64 24. 89 26. 44
250 23.21 25 .84
251 19 . 3 0 20 . 54 23 . 17 25 . 05 2 6 . 20 27.46 30 .53
25 2 21.02 23. 56
---- ----- ------------- ------ --------- ---------- ---- -----
vehicle
"
11 12 13 14
--- ---- ----------------- ---- --- ----- ------- --- --- --- -- --
no . o f




e lapsed 19 .1 6 21.04 22.99 24 .98 27 .93 29 . 98 30 .93
time
+0 .6\
ve hicle 1 5 i s 17 18 is
"
21





• 33.32 34.74 37 . 50 40. 64 41. 87 45.53 47 . 545 36 . 63 38.54 40.97
• 32. 3 3 33 . 5B 35 . 24 37 . 30 39 .49 42 .07 44 .147 33 . 98
8 34 . 36 36 . 41 38.10 40 .04 4 1.49 43 .50 44 .76
s 31 .57 34. 24 36. 15 38 .06 4 0 . 39 42 .59 44 . 82
1. 34 . 48 36.02 38 .86 41. 44 4 2.73 44. 04 45 .84
11 33.7 0
1 2 37. 3 B 38. 57 4B .94 43 . 89 44 . 70 45.97 48 .72
13 30 . 23 33 .53 34 .78 36. 26 39 . 30 42 .11 44.36
1. 3B. 87 34.2 4 35 .76 3 8 . 31 41.33 42 . 60 46 .47
15
1 . 34 .9 8 37.54 39 .29 41. 08 43 . 55 44.94 46.01
17 31. 56 33 . 63 35 . 05 36.9 8 3 8 . 27 41. 64 43 .62




veh i cle 15 16 17 I. I ' 20 21
--------------------------------------------------------
cy c l e
20 36 . 66 38 . 28 41.59 45 .70
21 33 . 36 3 5 . 63 37.96 39 .6 7 -42 . 97 43 .15 45 . 31
22 32 . 41 35.64 37 . 22 38 .87 41 . 06 43 . 27 47. 52
23 34.80 36 .87 39.82 42 .14 -44. 47 47 .01 49 .97
24 33 . 33 34. 52 37 .22 39 .14 40 .46 41 .84 44 .09
25 38.38 3 2 .72 33. 7 8 34.87 35 .92 39 . 64 42 . 07
26 28 . 7 2 31. 26 34.61 36.78 39.48 42.61 43. 91
27 31.41 38.7 4 40.34 42 . 21 44 .5 3 46 .'HJ 47 . 28
2. 33 . 63 37.17 38 . 8e 41 . B4 43 . 33 44 . 16 45 . 92
29 32 . 68 35. 53 39 . 82
30 31. '''' 34 .3 6 35. 91 31.1 6 40.47 41.97 44 . 61
31 35 . 93 36 . 78 38. 65 413.36 42 . 28 43. 86 45 . 19
32 38 .90 -40. 22 42 .02 44 . 14 46 .64 48. 95 51'1.17
33 34 . 12 36.9 8 39 .17 41 .96 43 . 50 45 . 69 47. 32
34
35 35 . 1 6 3 8. 65 39.84 41 .47 42 .15 45 .30 47 .53
36 31.41 3 4 . 62 35.72 37 .0 1 38 . 10 39.71 41.64
37 31.14 32.70 33.74 35 . 49 36 .41 38 .4Il 39.5 5
30 36 .0 3 38 . 114 39 .6 7 41 . 38 42 .99 44 .74 45.76
39 40 . 57 41.88 43.58 45 . 16 46 .5 9 41. 57 49 .16
.. 37 . 29 39 .47 48 .89 42 .2 3 45 .11 41 . 60 5 2 . 04
41 33 . 60 36.1 2 31 . 7 9 3B. 94 48 .34 42 .7 8 44 . 13
42 4B.7l 45 .8 0 47 .27 48.94 50 . 82 53 . 411 5S .9 5
43 30 .83 33 .19 36.73 39 . 02 40 .35 42 .72 45 . 29
.. 35 .92 37. 25 39 . 45 41. 43 44 .27 45.97 48 . " 4
' 5 31 . 55 33.85 36 . 27 48 .3 7 42.91 46 .16 49 . 54
' 6 29.15 31.n 33.82 36 .93 37 .87 48.19 42.26
47 35 . 0 11 31. 64 41.98 43 .63 45.72 47.57 49 .1S,. 35 . 59 37 .20 39 .6 7 42 .97 43.79 49 .48 51.34
49 35. 44 37 . 39 411 . 29 41 . 45 42.97 44 . B7 47 . 9 11
50 33.78 35. 80 37.18 38 .58 40.25 41. 96 43.27
51 33 .47 35 . 32 31 . 4 4 38. 46 41 .26 43 .15 45. ;f,
52 34 . 39 35 .71 37 .23 39 . 29 41.51 42 .73 44 . 05
53 32 .92 34.Hl 35 . 49' 37 . 66 39.14 41.17 42 .69
5' 44 .21 46 . 85 48 . 65 51. 96 54.29 5S.94 58 .24
55
56 29 . 81 31. 48 33 . 68 3S. 01 36 . 50
57 38 . 18
5.
59
6' 32 . 72 36 . 24 39 .99 41 .63 43 . 40 44.80 46 . 29




65 39 .17 3 2 . 02 34 .6 9 36.23 3 l~ . 94 40.58
s 34 . 04 35 .79 37 . 73 40 .14 41 .81
67 35 .5 6 37 . 7 6 39.38 411.97 42.92 44 .51 45 .6 6
'.3
+13.6%
vehicle 15 16 17 18 19 za 21
------------ --_•._-- -- --- --------------- -- --- ------------
cycle
.8
'9 34 . 19 35 .53 37 .50 39.39 42.09
70 29.69 32.57 33.98
71 34.14
72
73 31 .72 34.77 36.48 38.15 41.53 44. 39 46 .92
74 33.61 35 .68 38 .43 40 .32 41.99 43.45 45.27
75 34.27 35.69 38.54 49.59 41.69 42 .75 44.68
7. 35 .44 37 .1 7 38 .99 40.24 41.55 43 .29 45.07
77 31.33 33.33 35 .88 37.21 39.64 41.59 42.87
7B 32.08 33.48 34.36 36.96 38 .87 40.59 43.22
79 31.00 33.53 36 .18 38 .49 49.29 41 .72 44.01
88 39.41 32.57 34 .52 36 .92 39.13 41'1 .70 41.76
81 29.811 35.38 37.114 38 .25 39 .61 41.24 43.29
82 31.85 35.64 3R. 13 40.90 43 .77 45 .1:17 46 .34
83 35 .04 38.00 4il.44 43 .3 5 45.34 47.45 49 . 27
84 35.41 36 .45 39.02 40 .55 43.02 45. 50
85 32 .34 33.99 35.27 37.59 39 .51 42 .35 43 .49
8.
87 39.22 32.04 33.56 36.21 37 .84 39.13 40 .47
88 32 .39 34.14 35.91 37.07 38 .65 40.82 42.54
8'





ss 32 .84 35 .14
'7




34.27 36.28 37 .43 39.98 42.97 43.48 46 .14
'"
33.77 34.96 35.16 38 . 19 41 .27 43 .84 45.10
'"104 30.19 31.43 34.1117 35.34 36.51 38 .84 40.27
'"10. 33.29 34.56 36. 10 37.54 40.98 42 .12 44 .78
107
108 30.37 33 .78 34.89 36.58
109 34 .86 31 .53 38 .63 41.86 43 .20 45 .U 46.10
110
I II 29 .20 31.70 34 .60 35 .29 39.43 41 .67 42.95
112



























134 33.91 34 .44 36.67 37.99
135
136 31.46 3 3. 99 35 .87 37 . 61
137 3 5 .72 37.1l!I
138 35 . 24
13.
14.
141 32 .5 7 34 .6 B 37.16 39 .58 41 .65 44 .61 46 . 79
142 35 .65






,.. 35 .2 5 36.75 38 .5 11 48 .82 42 .28 44 .54
158
151
152 39 . 66 32 . 28 34 .99 36 .10 38 .68 39.35 41. 87
153
15.
155 32 . 73 34 . 66 35 .70 38 . 56
156 33 .34 35 .48 38 .53 49 .93 42. 14 44.24 45 .9 1
157 34 .8 5 35.68 38.47 48.29 42 .96 44 .07 47 .87
158
15' 34.1 8 36 .29 37 . 99 39 . 95 41.34 4 3.39 46 .48
168 34 .69 36 .37 38.87 40 .76 43 .26 46.38 48 .14
161 39 .0 7 32.12 34.74 37.10 38 . 57 39 .73 41 .20




vehic le 15 16 17 18
"
28 21
30.91 32 . 52
39. 89 32 .49 3 3.75 35.67
30 .97 32.97 35. 54 37 .4 7 39 .09
29 .47 3L 47 32 . 76 34 . 42 37 .00 38 . 17 39 . 87
28.70 29 ..711 31.21 32. 87 35 .34 38 .30 40 .97
28 .50 29.49 30 .13
."
cycle
164 3':'1.24 33 .09 34.47 35 .68 36 .9 3 38.99 4".96
165 33 .28 34 .42 36 .11 4 37.44 39 .3 8 41 . 74
166
167





















































































33.29 35.9 3 38 . 34 42.33
30 .81 33 .62 35 .15 36 .95 38 . 1 6 40 . 13 43 .07





31.9 4 34.51 36 . 18
31.48 32 .97
29 .6B 31.87 33. 44 34 . 93 37 .22 39.36



















elapsed 33 .02 35 .21 37 . 27 39.47 41.53 43 .61 45.74
time
+0.6%






4 50.40 51.87 52.93
5
s 46 .02 49 .57 51.79 53 .27 55.29 57.18 58 .59
7
8 46.50 47 .60 50.42 52 .94 54 .27 55 .85 57 .39, 46.87
10 47 .71 49 .77 51.68 53 .81 55.53 58. 13 1 59.81
11
12 49 .43 513.97 52.28 53.50 55 . 91 56.87
13
14 48 .20 5lL60 5 2 . 44 55.18 58.57 61.26 63 .33
15I. 47 .77 49.53 51. 58 55 ..08 56.50 59.57 60 .81
17 45.65 47 .26 48 .35 50 . 14 51.17 52.42 53. 713
18 53 .84 55.52 56 .64 59.39 69 .99 62.17 64 .40
19
2'
21 47 . 12 50 .74 51.99 53 . 09 55 .76 58 . ,n 60 .L"
22 49 . 40 51.61 54.07 56 .29 58.41 60.97
23 52.26 53 .70 55 .60 58 .94 60.28 61.70 63 .15
24 45.21 46 .32 48 .05 49. 17 5B.13 51.68 53 .87
25 44.97 46.40 47.36 48 ..7 0 50.41 54.08 56. 17
2. 45 ..52 48 . 52 53 .13
27 50.55 53.57 56 .33 58 .96 61 .27
28 47 ..1'3 49.34 53.00
2'
3i 47 . 10 48 .29 50 .10 52 ..51 55 .23 57 .96 59.82
31 47.19 48.66 51.18 52 ..67 54 .63 57. 7 8 6B .95
32 52 . 16 55 .49 56 .95 59 ..07 60.51 62 .02
33 48 .44 49 .87 53.04
34
35 51 .20 53.24 54.81 56 ..44 58.99 GIil.47 63 .30
3. 43.12 44 . 14 46.03 47.02 49 .02 51.54 53 .30
37 41 .80 43 .70 44 .80 46 ..26 48.U 49 ..55 50.83
3B 48.71 51. 27 53.41 55.84 58 . 52 611.07 63.31
39 50.32 52 .27 53.74 56 ..70 58.4" 63 .69 65 . 50
4' 54 .50 56.30 58.21 60 .07 61.97 63 .84 65 .30
41 46 . 22 47.62 49 .39 50.24 59.04 61 .45 63 .27
42 58 .42 59 ..84 60 .93 63.67 65.74 67 .51
43 46.60 48 .03 49.35 50 ..96 54 .08 55.90 62.74
'"
-tI'l.6%
ve hi c l e 22 23 24 25 26 27 28
----------- ------- ------- ------------------ -- ------ -----
cycle
44 49.54 54 .09 56 .27 58 .29 69.77 62.68 65 .83
45 51. 12 54.47 56. 43 58 .91 61.26 63 .39 67 .65
.6 44 .48 46 .97 48 .01 49 .97 51.58 53 .34 59 .56
.7 51 .44 53.6 2 56 .69 57 .79 58 .57 62 .97 63 .79
48 52.57 53.95 55.57 57. 29 69.80 62.5 4 65 .59
•• 49 . 39 59 .47 52 .27 54.46 56 .09 58 . 18 59 . 85sa 45 . 01 47.29 48 .73 59 .06 51.64 54 .74 56 .72
51 47 . 15 51. 11 52 . 59 53.64 55 . 90 57 .54 59 .9 6
52 47 .39 48.51 59 .98 52.34 55."4 56. 84 59. 99
53 44 .72 46 .68 48 .99 49.28 50 .40 52 .06 53 .31






68 48.72 50.30 51.51













74 47 .67 48 .88 50 .34 51.38 54 .69 55 . 4 2 56 .96
75 47 .74 49. 15 50 .50 52 .50 53.68 55.55 57.14
76 46 . 53 48 .64 49 .93 51.32 53 .53 55. 67 56 .96
77 45 .2 4 46.91 48. 29 50 . 10 53 .20 55.38 57 .11
78 44.79 47 .47 49 .74 51.511 53 .02 54. 78 56 .83
7. 47.6 1 49.76 51.94 54 .47 57.10 58 .21 59.89
8' 43 .56 45 .78 48 .29 50 .113 51. 48 53 .60 55 .49
81 45 . 11 2 46.97 48. 3 11 50'.66 52.30' 54 .94 56 .44
82 48 .44 49 . 97 51.9 4 56.33 58 .27 59.79 61. 36
83 51. 43 53 .7 9 55 .33 57 . 92 60 .25 62 .92 64.43
8.
85 44 .96 47 .46 49.79 51.93 53 .47 55.21 56 .97
86
87 42.07 44.'''1 45 . 99 48.96














"100HH 49.94 48 .91 49 .56 51.41 52 . 69 54 .34 55. 35
1i12 48.32 49.76 51,3" 54 . 22 56 . 20 58 . 43 59. 71
103
134 41.76 43 .56 44. 6 9 46.54 49. 89 52 . 22 53 . 70
195
196 46.41 47 .99 53. "4 51.14 53 .9 4 56 . "8 57 . 01
107
108
1119 47.41 48.55 51, 39
11'
111 44.40 45 .7~ 47 . 55 48.64 53 .45 55 . 23 56 . 90
112















































156 47 .56 49 .60 51. 3 4 53 .7i1 55 .63
157 48.50 5i1.43 52 ..93 55 .44 57 .8i1
lsa
159 48.86 5".60 52.90 53 . 92 55 .77
16" 49 .70 51.99 53 . 17 55 . 52 57 . 11
161 42 . 58 43 .96 44 ..87 46. 02 48 .01'



























56 ..5 8 58 .8 1
60 ..94 63.65
57 ..45 58 .68
59.iIl 60 .50
49 ..43 51. ill
63 ..66 64 . 89
+".6%





















209 41.74 43 .26 45.43 46.47 49 .87 51.64 54 .74















































23 24 25 26 27 28
vehicle
no. of
















elapsed 47.86 49 .79 51.61 53.23 55.46 57.45 59."8
time
Hl.6%









8 59."S 62 .36




14 64.72 66 .64 68.48
15
16 63.79 67 .53 68.64
413
+9 .6%
veh i cle 29 30 31 32 33 3. 35
----- ---- ---------------------- ------ ---- ---------------
c ycle
17 55.69 57 . 89 59 . 76 61 .93 62.27





24 55 .67 58 .29 60.79










3 5 65 .81 67 .89
36 55 .57 57 .28 58 . 63 69. 88 62 . 45 63 .82 64 . 97
37 52 . 73 55 .88 56 ..95 56.42 60.97 62 . 72 66. 15
38 65 .52 68.B9
3 . 67.50
4.
41 65 .52 67.64
42
43 63..96 65 ..95 67.78
44 68 . 36
45
46 62 .38 63.69 66.93
47 65 .11 67.88
48 68. 17
4' 61 . 4 8 64. 34 66 ..43 69 .98
5. 59 .02 60.58 61.97 64 .94 67 .2 2 68. 69
51 69 ..4 5 62 .18 63.91 6 5.1B 66.44 69.1 2
52 64 ..14 65 .511 66 .74














vehi c l e 29 30 31 32 33 3. 3S











74 6121.67 63 . 18 64 .73 66 . £14 68.1213 69.87
75 58 . 41 59.62 69 .32 62.57 64 .39
7. 58 .83 60 .53 62 .24 63. 44 65 . 93 66 .4 6 68 .62
77 59.95 61.62 63. 27 64 . 98 66 . 91 67 .2 7
78 57 .92 69 .57 62 . 50 64.49 65 . 83 68 . 1H
79 62.99 64.61 66 .60 68. 25 69 . 8121
.. 56 .9 4 58 . 7 4 62 .15 64 . 26 65. 67 67 . 69 69 .9 9
81 57 .8 7 6121 . 121 6 61. 35 65 . 89 67. 39
82 63. 16 65 .38 66 .99
83
84
85 58 .52 59.90 63 . 46 66 .23
8.
87










101 56 .37 57 .86 59 .Bl 61.14
1 ' 2 61.96 64. 30 66 . 26
183
184 54 .97 56. 48 60 .39 61. 94 64 .44 66 . 96





















































155 62 .34 65.57 66 .89
157 65 .60 66 .98 68 .76
158
159 sa.aa 62 .il6 63.28 64 .52 66.33 67 .77





31 32 33 3. 35
cyc l e
161 53 . 6 4 56 . 40 58.73 60 . 65 6 2. 66 6 4 . 58 6 6.17








































veh ic le 29 31 32 33 34 35
cyc le
21'9 57. 22 59 .4 1' 611 .23 62.84 64.94 67 .l11











































veh ic le 2' 31
418
32 33 34 35
+9 .6'
ve hic l e 29 3' 31 32 3 3 34 35
--------------------------------------------------------
no . of
cycles 51 47 37 25 22 17
mean





1 5 .53 7 .43 9 .78 11. 59 1 2 .7 8 15 .44 16 . 94
2 5 .57 7 .U 9 .25 U. 87 14 . 2 0 1 5 . 7 0 16 .94
3 6 .57 8 .67 19.69 12 .91 15 .94 16 .36 17 . 53
• 5 . 53 7 .87 19 .18 1 3 . 16 14 .2 0 16.49 18 . 155 5 .17 7 . 23 8 .33 10 .78 1l .97 13 .33 14 . 7 4
• 5 .89 7 .88 9 .69 11.68 12 . 52 15.47 1 6 . 7 57 6 .88 8.63 11. 86 13 .37 14 .89 17 . 9 9 19 . 86
8 5. 41 6 . 79 9 . 67 11.1111 1 2 .36 14 .3 6 16 .48
• 4 .98 7. 69 8 . 70 9 .9" 12 .21 15 .2 5 17 . 6318 8 .22 9 .5 4 11.28 1 2 .3 5 13 . 79 14 .85 16.7 5
11 8 . 0'8 s.se 1l'l . 82 12 . l'l5 1 3 .40 1 5 . 22 16.39
1 2 5 .73 7 . l'l7 10.47 11.50' 12.82 14 . 07 1 5 .32
1 3 4 .85 6 . 49 7 .65 l0' .l'l7 1 2 . 4 8 17 . 19 1 8 . 06
14 5 .87 8 .0'4 9. 87 11.49 D. 4 4 1 5 . 57 1 7 . 26
15 6.82 9 .18 11. 46 1 3 . 0'9 15 . 0 9 17 . 39 20.0 0
16 5 .75 8.28 9 . 45 1ll .57 1 3 . 11 1 5 .1 7 17 . 23
17 3.39 4 .81 7 . 41 8 .63 1IJ.47 1 2 . 65 14 . 11
1~ 5 .28 7. 97 9.6B 11 . 54 13 . 5 8 1 5 . 27 17 . 86
rs 5 .55 6 .72 9.23 10 .6 4 1 2. 5 8 1 6 . 63 17 . 7 9
2. 4 .98 8 .51 10 .80 11 .22 12.56 13.78 15 .48
21 6 .86 8 .31 9 .64 11. 48 13 .33 16 . 34 18 .53
22 5 .29 7 .64 9.43 11.22 1 2 . 7 0 13 .84 1 5 . 43
23 1 .29 8 .36 19 . 62 12. 44 13.84 15 .88 17 .99
2. 4. 611 7 .28 9.82 13.65 1 5 . 21 16. 98 18 . 70
25 6 .40 7 . 69 10 . 18 11.7 4 13 . 7 2 1 5 . 68 17 . 5 9
2' 5 .711 7.40 9 .5 1 11.31 12 . 7 4 14 .1 7 1 6 . 44
27 5 .97 7 .65 9 . 17 HI.63 11.92 1 3 . 5 2 14 .7 8
28 3 .31 4. 88 6 .61 7 . 65 8. 67 H. 28 11.69
2. 5 . 39 7 . 89 1 0 . 09 11.44 13 .21 1 5 . 117 18. 53
30 6 .07 7 .31 1 2. 45 15 .13 17 .0'2 1 8 . U 19 . 84
31 5 .67 8.38 11 .93 13 . 24 1 5 . 7 5 16 . 84 211.27
32 7.61 9 .17 U . 54 11 . 87 13 .53 14 . 99 17. 26
33 4. 85 7 .2 4 9 . 74 12 . 02 13.26 15 . 111 18 .92
3. 5 . 7 5 7 .41 8. 64 9 . 79 11 . 49 1 3 .1 5 14 . 64
35 7 .41 9 .01 UJ.71 13.87 14 . 6 6 17 .27 1 9 . 5 9
41.
ve h i c l e
--------------------------------------------------------
cycle +3.n
36 5.88 7.45 9 .37 11.31 1 3.60 1 5 . 54 17 .59
37 5 .29 7 . 18 9 .17 11.43 14 . 39 16 .32 18 .62
38 4 .78 6.4 8 6 .28 10 .89 11 . 89 1 2 . 17 14 . 21
3. 5 . 29 8.58 11.17 13.09 14 . 53 1 6. 67 17 . 93
' 8 6.87 7 .49 8 .90 10.89 11 .56 1 3 . 12 15 .HI
41 5 .8 2 8.15 11.38 13.84 14 . 31 1 5. 74 17 .29
' 2 7. 84 9.32 11 .60 14 . 47 15. 66 16. 98 18. 25
43 6 . 39 7 .92 9 . 44 10 . 97 1 2 . 43 1 3. 92 15 . 54
44 5 . 74 7.3 4 9 .48 1 2 . 28 14. e3 15 . 96 17 . 40
'5 5 . 82 7.49 10 .29 11.66 1 2 .94 1 5 . 33 16.6 5
'6 6 .74 8.21 9.67 1 1.44 1 3 . 02 14.20 15 . 61
'7 6.45 8. 11 9 . 74 11 . 76 13 .09 14. 37 15. 99
'8 4 .9 7 6. 8 4 9. 16 11. 97 1 3 .34 14 .7 5 16 . 57,. 9 .9 1 11.1 8 1 2. 85 1 5. 28 16 .54 18 .35 19 . 87
5. 7.93 8. 57 9.88 11. 31 15 .1 9 17 . 10 18 . 58
51 6 .26 7 .67 9 .90 11. 82 13 .0 4 14. 87 16 . 21
52 4.49 6 . 33 8 . 3 4 9 .7 5 10 . 97 13 . 23 14. 93
53 5.67 7 .41 8 .9 4 1 0. 59 1 2.4 5 14 . 04 16 . 29
54 3 . 82 6 .77 8. 44 10. 27 1 3 . 19 14.57 16 . 27
55 5 . 18 7 .29 8.20 9 .43 19 . 64 1 1. 89 15 . 14
56 5 .95 7 .2 4 9 .55 11.1 2 13 .9 7 14 .17 15.71
57 7.56 8. 57 HI .09 11.73 14 .25 16 .97 18.81
58 5 . 71 7 . 88 9.61 11. 94 13. 57 15. 03 17 . 27
5. 9 . 5 8 11."4 15 . 21 16.91 18 . 30 2 9.27 22 .2 9
6. 4 .9 6 7. 10 8 . 98 10. 52 1 2 . 02 13 . 20 15 .7 9
61 6 .2 4 7 . 39 111.90 12.17 13 .8" 15 .39 16 . 72
62 7. 41 9 . 17 HI . 91 1 2 .84 13 . 52 15 .07 16 .53
63 7. 51 9. 41 11.83 1 3 . 57 1 5.06 16 . 56 18.1i10
64 6 .19 8.06 10 . 27 12 . 74 14 .22 16 .2 7 18 .67
65 6 .00 7. 59 11 .1 3 12 .17 14 . 02 16.42 18 . 01
66 8 . 39 10. 41 11.92 1 3 . 34 14 . 7 4 16 . 82 17. 59
67 8 .17 9 .3 7 19 .70 1 2 . 26 14 .31 16. 64 18 .14
68 7.31 9 . 35 11.64 12 . 95 14.40 16 . 98 19.29
6. 5. 81 7. 53 9 .68 1 2 . IH 14 .2 9 15 . 85 17 .81
7. 6 . 2 9 8 . 43 9 .8 5 11 .58 13 . 69 14 . 84 16 .1 8
71 5 .47 7. 29 8 .96 19 .47 12 . 50 13 .9 9 16. 99
72 6. 49 8 .43 10 .48 13 . 94 15 . 39 16 .95 19.4 5
73 6 . 17 7. 51 8 . 71 19 . 00 11. 42 14 .13 15 . 97
74 5 .65 7 .2" 9.37 lB.73 1 2 . 27 14.07 15 . 1 3
75 5 .57 7 .S0 9 .28 10.60 13 . 35 14 . 89 16 . 7 5
76 6.12 8 .51 9 .9 4 11.69 13 . 51 15. 5 18 . 96
77 4. 30 7.51 9.06 lB . 46 11 . 84 13 .13 14. 81
7 8 5 . 84 7. 57 9 . 29 10 . 05 1 3 . 59 16.19 17.41
7. 6 . 46 8 .78 10 .7 2 13. 64 15 .1 5 1 8 .1 5 19 . 74
8. 2 . 8e 4. 4 4 6 .29 8. 86 12 .52 1 3 . 85 15 . 52
81 6 . 44 9 .60 12. 45 13 . 67 1 5. 41 17. 22 20. 56
82 7. 23 8.86 10. 84 12.34 14 .99 16 .5 4 18 .2 0
83 5 .5 2 6 . 9 4 8 . 80 le.77 16 .0 2 18 . 54 21. 63




cyc le +3 .8\
as 5 . 92 1 .38 lB .13 13 .81 14 .98 16 .18 19 .5 11
8. 6.69 8. 16 111 .58 11.54 13 .21 15 .30 11 .06
81 5 . 14 6.99 9 .24 11.65 13 .99 16. 27 19 . 16
88 6 . UI 8 .115 9 . 44 11.83 12 .31 14 .61 16 .27
8. 5.61 1 .38 9. 10 11. 62 13.19 15 .52 17.16
•• 5. 11 1 . 19 9. 84 1 2 . 38 13.11 15 . 7 4 18.67
. 1 6 .5 2 8 .12 HI .33 12 . 14 14. 5 11 15.88 17.18
.2 5 .15 6. 57 8.83 10.67 1 2.78 14.4 4 16 . 2 4
.3 5 .5 " 7. 6 5 11'1.17 11.77 13 .2 " 14 . 64 16."8
'4 5 .8 6 7.33 8 . 9!) 11. 47 12 .88 14.8 8 16 .4 3
.5 6. 58 8. 72 11.12 1 2.65 1 4. 13 16. 99 17 . 38
•• 7 .55 10 .13 11. 54 12 .97 14 .6 0 16 . 3 9 11 .73
. 1 6.88 11.78 14 .33 16 .26 18 . 18 19 .81 21. 24
.8 4 . 1 4 1 .46 9.02 18 .88 12 .49 14 .24 16 .87
•• 5 .08 6 . 75 9.25 12 . 27 13.67 16 .64 17 . 8519. 6 .78 8 . 34 10 .20 12 .31 14 .19 16 .24 17 .S4
191 6.47 8.94 9.43 11.36 13 .19 14.60 16 . 84
19 2 6 .21 7 . 6 4 9.14 11.34 12 .7-4 14 .84 16 . 87
193 5. 22 7 .69 9.35 10.69 12 .67 14 .35 16 .28
194 5 .89 1 .21 8 .4 4 10 . 27 11.80 13 .3 3 15 .97
19 5 5.64 7 .86 9.94 11.38 13.1'" 14 .1l8 15.11
1•• 5.44 6 .75 8 . 39 1l'!l .3l'!l 11.93 13 .35 15 .48
1.1 6 . 39 8 .66 10 .55 12 .S3 13 .44 15 . 1 3 1 6. 73
19 8 6.0" 7.65 1" .09 1 2 . 7 8 13.89 15.63 17 . 57
I . ' 5 . 74 7. 42 8.78 10.48 12 .83 14 .9 4 18."811. 5 . 54 8. 34 9 .71'1 11. 20 12 .34 14 .86 15. 31
I II 5 . 97 7 .63 11. 1 B 1 2 . 7 4 14 . 6" 17.3 4 18 . 59
11 2 5 .8 9 7 . 4 8 9. 19 U .51 1 2 .97 14 .58 16 .44
113 4 . 47 5 . 76 1 . 17 8 .33 18.7 6 13 . 27 14 . 54
114 6 .87 9.1'17 19 .89 13.63 15 .Be 16 . 83 18.6 6
11 5 6 .48 8 .30 9 . 79 11.61 13 .03 14 .17 16 . 98
11. 5 .79 8 .33 9 .44 11.01 12.84 15 .19 11.44
111 6.39 1.41 8.91 18 .53 12 .94 14 .31 15 . 84
118 5 .1 8 1 .42 8 .65 lIil .5 7 12. 81 14 .18 16 . 38
11 . 5 .78 6 . 9 9 9.11 lIil .41 1 2 .94 13 .58 1 ~ . 8 6
12. 7 .60 8. 91 11. 43 12. 64 14 .15 15 . 84 18 . 69
121 4 .87 5 .84 7 .94 9 .54 11.98 IS .be 16 .53
122 6.54 8.85 18 .63 11.1 8 12 .86 13 .14 15 . 74
123 5 . 14 6.67 8 .15 9 .85 11.52 13 .43 14.84
12 4 7 .54 8 . 84 18 .27 11 . 58 12 .60 15 . 37 16.84
125 1. 43 8.61 19 .39 11.19 14 . 11 16. 57 19 . U
12. 6 .29 1.81 9 . 51 10 . 91 12 . 59 14 . 79 16 .87
12 1 7.57 8 .88 18 .1 6 11. 26 1 2 .48 13 . 66 15.96
1 28 5 . 87 6 . 4 4 8. 13 9 .91 1 2 .05 1 3. 68 14 .97
12. 5.45 9.74 1l'l. 88 1 2 . 38 15 . 00 16 .01l 18 . 27
13. 5 .3 4 1.94 9 .48 10. 95 14.44 16 .49 17 .81
131 6.1l2 8 . 07 11 . 85 12 .84 14 .16 16 .26 17 . 99
132 4.88 6 .57 8 .87 11.82 13 .84 15.84 16 .62




c ycle +3 . 8\
134 5.60 7.60 8 .5 5 19 .8 4 13. 2e 14.61 1 5 . 99
13. 5 . 46 6 .6 7 8 . B4 19 .19 11. 58 13.70 15.2 8
136 4.91 7. 58 9 .29 19 .55 1 2 .13 13.86 15. 40
137 5 . 03 6 .47 9 .17 HI . 54 1 2 .82 14.41 17 . 47
138 4 .71 6.68 8 . 18 9 .6 4 1 2 . 52 14. 28 15 .74
13' 6.07 8 . 87 re .aa 11.18 13 .11 16 .48 17 . 8 5
14. 3.53 5 .30 6.89 8 .5 7 U .IHJ 11. 71 13.83
141 7. 46 8 .98 11.19 1 2 . 59 13.54 15.16 16 .84
142 5.69 8.72 10.53 11. 87 13 .8 5 14. 54 15 .96
143 4.80 8 .87 19.46 12. 47 14.00 15 . 22 16 .00
144 4 . 22 7 .39 8 .79 10 .61 12 .08 13. 27 15 . 17
14. 6 .e2 7 .5e 9.81 11.73 13 . 18 14 .61 16.95
146 6 .18 7 .3 5 lIJ.0 6 11.71 14 .89 18 . 63 21.91'
147 7.11 10 . 12 12 .67 1 5 . 39 17. 84 29 . 95 22 . 15
148 7. 27 9 .12 11. 56 1 2.61 14 .11 15.64 19 .1 5
14. 5.78 7 . 72 15. 38 19 . 44 21 . 23 23. 82 25 . 17
158 6 .64 8 .8 4 9. 52 11. 25 14. e 5 15 . 86 17 .23
151 7.67 8 .9 2 19. 28 11 .5 7 13 .12 14 .86 16 .49
152 5 .54 7 . 87 9. 32 11.21 14.1 3 16 . 97 17 . 81
153 5. 87 8 . 61 HI .14 11 . 71 1 2.67 15 .59 17 .94
154 6 .55 8 . 48 10 .48 11. 35 1 3 . 8 4 1 4 . 97 17 . 52
15. 6. 47 7 .8 8 9 .1J4 10.74 1 2 .28 13.35 15 .14
156 5 .4 9 7 .63 8 .n 11.10 1 2 .47 13.4 8 16 . 45
157 6.85 8 . 45 10 .21 11.63 1 3 .14 14 . 21 15.64
158 5.93 7.90 9.111 12 . 74 14 . 56 1 6 .8 7 17 . 85
15. 5. 29 6 . 58 8.59 10 . 56 1 2 . 0 4 13 .91 15.87
16. 6 .8e 8 .2 1 10.67 1 2 . 45 13.83 15. 60 17 .33
161 6. 6 8 8.7 5 Ie .67 12 .45 13 .83 1 5 . 60 17.33
162 6.88 9 . 24 11.92 12.46 13.72 15 . 97 17 . 66
163 7.2e 8 .9 3 Hl .9l 12 . 24 13.88 16 . 21 18.38
164 5.30 7 . 1 2 9 . 81 10. 84 12 .07 13 .3 4 15.40
16 ' 6. 34 8 .64 18 .37 1 2 . 1 5 14 .5 3 15 .76 18 .96
166 4.38 5 .69 8 .73 1 0 . 87 13 .2 7 U .SI' 16 . 31
167 6. 57 Hl .85 11.33 13 .88 14.82 16 . 94 18 .2 4
168 5 .92 8 .48 11.74 13 . 20 14.69 16 . 27 17 . 7 9
16. 5.92 8 .6 6 10.15 11. 91 13.00 14. 67 16. 83
118 7 .3£1 9 .1 £1 Hl .14 11.66 13 . 34 14 . 59 16 . 65
111 4.99 6 .57 8 . 45 10 . 22 12.10 13 .59 14 .8 2
112 2. 23 5 .9 3 7 . 83 9 . 44 13. 35 15 .1 8 16 .2 2
173 4.23 6.18 8.54 9 .8 4 11.73 14.7 9 17. 22
114 6. 20 7 .49 9 . 26 10.97 1 2.11 14.14 15. 53
17. 7 . 17 B.5e 19 .47 12 .1 4 14. 22 15.48 17 .48
116 5.99 7 .7 2 9.15 10 .36 12.21 14 .47 15.59
117 5 .90 9 .92 11.98 16 . 03 17 .67 18 . 19 20 . 04
178 6 . 14 7 .74 9 .72 11. 25 12 . 51 14 . 04 16. 34
17. 5 .80 8. 47 9 .74 11. 57 13.50 15.79 16.95
18. 5.64 7 . 1 2 8.71 11.50 12 .90 14.59 15 .97
181 5 . 64 8.29 19.19 11.27 12.72 14 .10 15 . 47





c yc l e +3 .'"
,.3 6 .64 8 .58 9 .40 11.16 12 .9 7 16 . 17 19 .42,., 5 .12 7 .27 9 .62 11 .S0 14 .27 15 .86 17.52
rss 6 .48 8.26 9 .8 4 11.43 1 3. 54 14 .80 17 .2e
'.6 6.63 9 .38 11. 82 12 . 69 13.95 1 5 . 6 4 17 .59,., 6 .16 7. 6B 19.54 1 2 . 35 13 .8 " 14 . 67 15.83
,.. 5 .10 7 . 97 13 . 17 16 . 90 19.91
, es 5. 69 7 .8" 9. 1 2 16. 5" 19. 86 21.60 23 . 90
rs 5 .3 4 6 . 61 7. 84 U . B5 1 2.45 14 . 98 16 .69
,., 5 .4 3 7.00 8.55 1 O.47 1 2 .26 14 . 69 16 .6 3
" 2 5 .3i! 6.38 7. 30 9 . 97 11 .14 13.U 14 .39
193 3 .77 6.5" 7.74 9.53 11 . 07 1 3 . 15 1 5 . 39
19< 5 . 21 7.61 8. 81 9 .90 12 .BB 14 . 78 1 5 . 4 4
19' 5.33 7.54 11. 24 1 2 . 57 1 3 . 93 15 .33 17. 04
, . 6 4.56 6 .23 7.74 9 .59 12 . 16 13 . 75 15 .10
191 8.14 !B .17 11 .73 13 . 50 1 5 . 68 17 . 2 9 19.14
19B 5 . 75 8.54 18.2" 12 .97 14.44 15 .7 2 17 .!B
'99 12 .6 7 1 4. 1'l4 15 . 17 17.1'l4 18 .96 21.87 22 . 45
". 7 .56 8 .88 1 0 . 11 12.21 14 .56 15 .61 19.89281 5.81 7.73 lB .93 12.88 14 .24 15 .7 S 17 . 3 2
2. 2 8 . 2 '1 9.81 11 . 76 13 .98 14.82 16 . 87 19 .53
203 5 . 19 7 .35 9 .49 11. 34 12 .7 5 13 .92 1 6 .78
", 5 . 44 6. 90 8 .91 19 . 26 11. 98 14.11 15.59205 4 .97 6 .07 7 .59 8 .93 11 .14 1 2 .4 2 13 .85
", 4 . 77 5 .98 8 . 14 1 9 .77 1 3 . 67 15. 4 8 16.922E 5 .4 7 7. 43 8.82 1'1 . 98 1 2. 97 15 . 04 17 .49
2B. 6 .47 7. 52 9 . 7 0 11. 85 13 .6 3 14 . 98 16.24
209 6.33 7. 4B 8 .9 4 10. 60 1 2 .12 1 3 . 7 9 15 .Se
21. 6 .34 7.82 19 .07 11.74 1 3 .4 9 14 . 95 16. 58
211 6 .35 7. 93 9.9 6 11. 38 1 2. 88 1 5 . 06 16 . 23
212 7 . 18 9 .08 18.85 B .55 15. 40 1 6 . 72 1 8 . 20
213 6 .74 8 .30 9.78 11.47 12 .9 7 14 . 71 16 .78
214 S.17 8.30 9 .48 12 .03 14 . 99 16 .iJB 17 .29
215 5 .52 8 .14 9.84 11.64 13 .1'l4 14 .67 16 .5 7
216 6 .73 8 .!B 9.92 12 .52 1 3. 57 1 5.51 11 .3.
211 6 .20 8.57 H.91 12 .11 1 4. 25 17. iJB 1 8 .3421. 4 .95 7.44 9 .72 12.27 14 .01 15 .17 16 .77
219 6 .94 8 .96 !B .84 12 .87 13.94 16 . 72 1 8 .94
22. 7 .54 9 .17 liJ.90 12 .88 14 .30 1 6 . 0B 18.22
221 5 .2" 8 .29 19 .34 11 .65 13 . 13 14 .99 17 . 97
222 6.47 8.94 HI .29 12 .40 1 3 .74 15 .45 17 . S8
223 5.24 7 . 41 !B.23 11. 99 1 3 . 39 1 5 . 23 1 6 . 74
22' 7 .61 9 . 27 11.3 4 13 .10 14. 87 16. 4': 19 .74
225 6 .40 8. 49 9.84 11. 21 1 2. 37 14 .Se 1 6 .'"
226 6. 07 7 . 41 9 . 36 10.75 12 .76 14 .5 2 15.89
221 6 .87 8 . 17 9. 77 11.7 5 1 3 .12 1 5. 61 17. 26
22. 6. 15 7 .7 3 9. 41 11.95 12.97 14. 9 8 16 . 24
229 8 .26 9 .6 7 12 . 57 15 . 98 1 7. 07 1 8. 51 20.97
23' 5 .0 2 6 . 60 8 .69 11.35 1 2.64 14 .12 15 . 54





232 6 .4'" 8 .54 1"'. 63 11. B5 13.4 5 14. 90 17 .07
233 5. 73 B."'4 1"' .73 1 2 . 20 13 .5 1 1 5 . 49 17 . 72
23. 4 . 57 6. 15 8. 25 9 . 60 11.52 1 3 . 87 15. 94
235 5.83 8 .64 9 .8il 11. 74 13 . 53 1 5 . 5 4 18.20
236 4 . 74 6. 71 8 .44 10 . 33 11 . 80 1 3 . 5il 15 . 27
237 5.27 6.79 9 .05 11.10 14.42 16 .47 18.20
238 4 . 91 7.6'" 9.27 11.4 3 1 2. B4 15. 34 17 .14
23. 6.90 8 .54 9.99 12.14 14. 34 1 5 . 75 16 .53
24. 6 .20 7 . Bl 9. 24 11 . 2B 13.16 15 .29 16 . 57
241 7. 15 U. 46 9 .89 12. 42 13.56 1 5 .4 0 17.52
242 8 .98 9. 97 11.4 0 13 .0 3 1 5 . 69 17 .23 18 . 86
243 6 . 81 8.2 4 9 .89 1 2 . 74 14 . 33 1 6 . 16 17 .4 0
244 5.91 7.51 9 .94 1 2 . il4 14.1 2 17 . il4 18 . 47
245 6 . 20 8 . 7 1 10. 65 1 2 . 92 14 . 81 1 5 . 97 17 . 91
246 5 .94 7.94 19 .23 11. 67 1 2. 84 14 . 88 15. 8 il
247 6.29 7 .40 1l1I .03 11 .6 9 13.29 15.11 16.31





cycles 248 24 8 248 248 248 247 247
mean
e lapsed 6 . 01 7 . 93 9.86 11. 72 13 . 51 15 . 32 17.17
time
vehicle 1. 11 1 2 13 I .
--------------------------------------------------------
cycle
1 18 . 82 20 . 9 '" 22 .56
2 18. 01 21.12 23 .76
3 19 . 42 20 . 78 21.86 23 .86 26.32 27 .36 29.00
• 21.69 24 .1 3 26.275 16. 51 17 . 71 20 . 04 21.9 4 22 .37 24 .20 2B.1 4
6 1 B. 21 19 .55 2"' .63 21 . 49 24.::i5 26.64 27 .67
7 22 ."'5 23 .28 24 .90 25.B3 27.1'" 28.6 1 29.78
8 17 . 64 20 .70 21 .95 24 .48 26.29 27 . 59 28 .5 1
• 19. 67 21.26 23 .78 25. 13 26.77 27.91 29. 361. 18 . 35 21.19 22.35 24.22 25.59 26 . 90 28. 40
11 17 . 82 2" . 1l1I 21. 43 24 ."0 26. ll1I 27.34 29."'4
12 17.14 19 . 51 22.19 23 .52 24.89 25 .96 27 .95
13 19. 64 20.89 23 .03 24 . 79 26 .03 27 .70 3"'.17
"'
19 . 55 21.17 22 . 14 23 .94
15 27 .3 9 23. 34 25 .6 1 27 .3 1 28 .94 31."'2 32.64
42.
vehicle ,. 11 12 13 14
--------------------------------------------------------
c ycle
16 18.59 19.71 21.75 23.87 25.lB 27 .76 29 .51
17 15 .79 17 .84 21.78 23.99 24 .17 25 .87 27.39
ra 1 8 . 39 29.99 23 .01 24.80 27 .07 28 . 37 29 .68
1. 19 . 38 21.44 23 .6 1 24 .88 26 . 27 27. 9 9 29 .88
2. 18. 18 19 . 64 21.50 22 .56 24 .80 26 . 45 28 .29
21 19.89 21 . 74 22 .87 24. 76 25 . 74 29."4 3" .77
22 17 . 24 18 .74 20.35 22 .89 24 .88 26 . 43
23 lB .73 20. 16
2. 2".34 21 .9" 23 .9 1 26 .93 28 ."2 29 . 34 31.47
25 20 .88 23 .4 2 24 .60 25 .84 27.26 28 . 6 9 29 .87
26 17.87 19.9B 22 . 58 23 .94
27 16 .3 2 17.98 19 .63 21. 98 22 . 87 24 .41 26.68
28 15 .08 17 .110
2' 2B.93 21 .2 2 22 .91 26.21 27.67 29 .37 39 .78
3. 21.47 22.711 24 . 85 27.S7 28.59 29 . 73 32 .84
31 21. 79 22 .92 26. 15 27 .58 29 .30 31.96
32 19.20 21.57 23 .20 25. 29 26 .91 28 .81
33 19 . 27 20 . 54 21 .68 23 .36 2 4 . 72 27 . 36 2B.82
3. 16 .86 I B. 40 29 .67 22 .05 24.27
35 22 .2 7 24 .84 27 .93 29 . 77 31.24 33 .35 35 .47
36 19 .45 20 .96 22.04 23 . 88 25 .36 27 . 72 28 . 67
37 20 . 99 21 . 78 23 .74 24.94 26 . 39 27 .64 28 . 7 0
38 16.33 17.69 19.14 21 . 32 22.76 24.87 28 .2 1
39 19. 36 21.11 23 .26 24 .79 26 .27 27 . 5 4 28 . 70
•• 17 . 24 18 .69 21.52 23 .01 25.IIlB 26 .88 28 .5 7., 18.19 21.12 21.96 23.12 24 .81 26 .44 27 . 86
.2 29 .39 21.57 2 3.53 24.99 29 .94 32.72
43 18 .12 19 . 11/1 29 .19 22 .67 24 .88 26.38 28 . 36
44 1 9. 86 29 . 94 22.89 24.28 25.89 27.60 29 .27
4S 17 . 98 19.56 21.29 22 . 46 25.34 26 .74 28 .80
.6 16.9 4 20 .0'7 23.27 25 . 18 27 .56 28 . 91 30 . 57
.7 17.12 1 8 . 91 29.66 22.71 24 .20 25. 14 28. 31
.8 17.86 19.24 2" .8 1l 22 .62 24 .27 25 . 68 27.74
•• 21.63 23 .32 24 .73 25 . 97 27.54 28.45 30 .295. 20.34 22 .12 23.76 24.94 26 .65 28.ll'7 29 .26
51 17 .82 19 .14 20.27 23 .90 24 .49 25 .92 27 .70
52 17 . 94 19 .98 20 .35 22.04 23 .44 25.26 26.92
53 18 .93 21 •.u 21.86 24.lJ7 25 .85 27 .19 28 .39
54 18 .87 22 .17
55 16 .57 18 .43 20.58 23 .14 24.99 27 . 72 28 .79
56 17 .Ie 19 .66 28 .87 22 .25 23.80 25.99 28 .75
57 20.88 22.31 23 .84 27 .37 28 .94 30 . 25 31.84
58 18 . 9B 29 .27 22 .3 4 23 .85 25.50 27.22 28 .98
5. 24 . 03 25 .5 1 27 .27 28 .5 0 31.78 33. 47 35. 47
6. 18.65 21 .08 22 .84 24 .80
61 18 .24 19 .83 21.22 23.79 26 .Ie 27 .88 30 .16
62 18 .10 20 .52 22 .05 23 .41 25 .56 28.84 30 .36
63 19 .44 21.03 23 .51 25 .17 26 .83 28.78 30.38
6. 28 . 34 22.57 23 .93 25 .411 27 .94 28 . 6 4 31.52
.25
veh i c l e 1. 11 1 2 13 14
--------------------------------------------------------
cy cle
65 28. 24 21.90 23.01 24 .3 2 25 . 38 27 .89 29 .47
66 18.88 28 . 3 0 22.16 2 4 . 03 25 .16 26 .63 28.27
67 19 .58 21. 89 23 .73 25 .2 8 27 . 44 28 .99 31.90
68 2e . 47 22 .17 23 .14 25 .92 27. 2 0 2 8 .97 3 8 . 35
69 20 .19 21.86 23 .44 25 .3 6 26 . 5 9 28 .17 29 .83
7 ' 1B. 44 19. 85 23 .10 25 . 13 27 . 50 28 .46 3 8 . 17
71 17. 35 18 . 90 2".50 21 . 65 23 . 23 25. 23 26 .3 4
72 22.01 23 . 7 5 26 ."5 27. 51 28 . 74 2 9 . 93 32 .8 6
73 17 .85 19 . 36 20. 97 21 . 81 25 . " " 26.46 28 .9 1
74 16 .63 18 ." 9 28 .2 1 21 . 36 23 . 30 2 5.41 26.83
75 18 . "" 19 .00 20 .45 21 . 84 24.08
76
77 16 . 25 18 . 82 20 .98 22 .68 25 .U 27 . 14 28 .4 5
78 18 .94 20 .30 21.94 24 . 07 26 .16 27. 59 30 . 54
7 9 21.94 24 .21 25 . 37 27. 27 29 .24 30 .83 32 . 82
88 17 . 7 4 19 .07 20 . 42
81 23. 1iJ9 26 . 50
82 20 .U 21.7 2
83
..
85 20 . 84 21.86 24 . 13 26.47 2B.6 11 31.8 4 34 . 87
86 18 . 27 28 .28 22 .1 8 23 . 58 24 . 85 26 . 34 27 .4 4
87 21.68 24 . 17 28 .15 29 .85 31.30 3 2 .89 34.03
88 18 . 83 20.46 22 .63 23 . 87 26 .82 27. 31 29 . 19
89 18 . 54 2" . 54 21.70 23 . 68 25 .10 27 . 14 28.30
"
2".11 21. 85 24 .24 26 . 42 28 .8 9 29 .9 8 31. 90
91 19. 37 23 . 94 26 .85
92 17 .4 8 18 .36 19 .47 20. 92 22.63 26 .19
93 19 .1 8 20 . 35 21. 94 23. 68 27.09 29 . 07 31.6 5
94 18 .3 5 21 .44 23 . 18 24 .22 26 .59 29 . 05 31.94
95 18.95 21 .l1l4 22 . 39 24 .23 26 .13 27 .56 28 . 97
96 19.75 28.97 22 . 13 24 . 33 25 . 97 21 .82 39 . 54
97 22 . 82 25. 3 4 26 . 76 28 .31
98 18.24 19.36 21.30 23 .29 24 .73 26 . 52 27.99
"
19 .50 21 .95 23 . 1 4 25 . 43 26 .46 2 8 . 7 6 30 . 16
'"
19 . 211 21 .04 23 . 83 24 . 7111 26 .71 29 . 04 39 .54
191 18 .58 28 . 6 5 22 .08 23 .6 0 24 .97 26 . 59 28 .6 6
102 18. 59 21 . 3 4 2S .3i1 28 .32
11 3 18 . 01 2111. 9 6 21 .56 23 . 17 24 . 85 26 .3 6 27 . 77
184 17 . 45 18 . 5 3 2 0 . 04 21 .76 24 .14 25 .22 28. 07
1 85 18 . 17 19 .7 0 2".82 22 . 57 23 .84 24 .7 8 26 . 68
1 86 16 .99 19 .74 21. 5"
187 18 . 71 20.75
1 88 20 .80 22 . 73 24 . 57
1 89 29 . " 3 21 . 5 4 22 .83 24 .74 26 .99 28 .06 29 .5 4
118 17. 11 18 . 46 20 . 41 21 .93 22 . 96 24. 31 25 . 71
111 19 .99 21. 86 24.27 26 . 60 27 . 94
11 2 17.94 19 .89 21 .62 23 .2 4 25 .1 1 21. 86 29. 37
113 15 . 54 17 .3 3 1 8 . 99 20 . 8111 23 . 12 24 .29 25.9 9
.26
vehicle ,. 11 12 13 14
--------------------------------------------------------
c ycle
,.3 28 . 88 21.78 23 .45 26. 49 27 . 89 29 .41 31.00
I.' 16 . 56 11 . 95 21.58 23 .5 8 24 . 64 27 .44 29 .36
, . S 29. 42 21.89 24 . 51
,.. 17 .95 1 9 . 71 20 .70 21.95 23.27 25.72 27.67
'.7 19 .67 21 .05 23 .74 25 . 87
, . 8 19 . 60 20 . 95 23 . 35 25 . 45
,.. 19 .66 21 .30 22 .81 23 . 94 25 . 62 26. 71 29 .4 6
17. 17 .83 19.89 22 . 88 24.17 25 .69 26 .96 28 . 27
171 17 . 22 1 8 . 69 20 .87 21 .24 22 . 31 23.8 4 25 . 84
172 17. 61 1 8 .62 19.7 4 21.73 23 . 81 25. !lS 27.39
17 3 18 .49 20 .Hl 21 . 15 23 .5 5 24 . 61 26 .14 28 .28
174 17. 21 1 8 .6 2 19 .91 21.19 22 . 42 23 .89 26.47
17 S 1 9 . 55 21.11 23.1 5 24 .94 26. 24 28 .27 29 .72
176 17 .03 19 .20 22 . 49 25.09 27.86 29. 34 31.23
177 21 . 57 24 .08 25 .28 26.81 29. 97 31.29
178 17 . 51 19 .86 23 . 02 24 . 28 26 . 36 28. 87 30 .61
17 . 1 8 .7 9 1 9 . 8 0 22 .57 25 .00 26 .98 29 .38 31 . 1 2
1 8. 17 .14 19. 02 28 . 42 23.84 24 .69 26.57 27 .87
181 1 8 . 09 2a.fil3 21.34 23 . 31 25.24 26.16 27 .68
182 28 . 08 21.45 22 .85 25. 1 8 27. 24
183 21.27 23 . 3 9 25 .0 3 26 . 96 28 . 67 29. 96 32.92
18. 18. 9 2 21. 6 1 22 .74
18S lB.84 28 .74 22 .42 24 .1 6 2 9 .50
186 19 .24 20 .63 23 .34 26.73 27 .88 29 . 89 31 .9 6
18 7 20 . 46 21. 97 23 .25
1 88
1 8. 24 . 71 26. 26 27 . 58 28 . 99
". 18.97 21. 06 24 . 66 2; . 36 28 . 92 39 . 29 31. 4819 1 19. 35 22 .81 24 .93 25 .44 27 . 95 28 . 72 29.82
,.2 16 .65 1 8 . 11 19 . 28 20 . 79 22 .82 25.27 27 . 95
,.3 16 .77 18 . 16 29 . 73 23 .28I•• 1 8 . 48
, . S lB .72
,.. 16 . 22 18 . 5 9 21. 26 22 .6 0
' . 7 20.4 9 21 . 84 23 .26 25 .86 28 .60 39.98 31. 97
, . 8 1 8 . 43 19 .87 21.21 24 .06 25 .5 1J 27 . 53 29. 41
,.. 24 . 34 25 . 3 8 27. 41 29 . 49 31.32 32.64 35.8 1
28. 28 .62 22 .47 23 .64 25.66 26 . 1 6 28.81 29.89
281 18.7 8 19 .96 21.61 23 .15 25 . 27 26 .41
282 22.59 23. 65 25. 00 26 .76 28 .99 29 .64 31.44
2.3 18. 45 21.16 23 . 08 24 .78 26 .24 27 .97 28 .85
2•• 17 .50 19 . 17 2B . 40 22 .6 2 23 .6 1 24.8 4 27. 03
2. S 1 5 .04 16. 95 19 .1 5 2 0 .80 22.65 24.16 26 .81
286 1 8 . 3 0
287 19. 9 8 21 .37 22 .76 24.04 25.84 26 .85 28 . 50
288 17 . 97 19 .72 21.36 22 .86 24 .80 25.97 27. 64
28. 1 6. 65 29 . 04
21. 19 .0 2 29 .68 22 . 1 0 24 .67 26. 37
211 17 . 54 19.09 20 . 14 21.07 22 .63 24 .93 27 .69
'28
vehicle 1 . 11 1 2 13 l'
---------------------------------------------~----------
cycle
11' 19.88 2 2 . 76 24. 48 26.14 27 .89 39 .75 33.07
11 5 17 .2 7 1 8 . 42 20.51 21 .97 23 .23 24 .38 25.50
116 18.42 20 . 72 21 .73 22 .86 2 4. 4 2 26.116 27 .28
11 7 17 .57 19 .27 29 .65 21 .84 22 .77 24 . Be 25 .44
11 . 17 .9 5 19 .28 28 .4 4 22 .39 23 .66 25 .23 26 .1 2
11 9 16 .61 18.54 21. 94 24 . 41 25 .65 27 .47 28 .36
1 2. 2llo62 2 3 . 59 26 .88 28 .48 311.85 32 .84 34 .84
121 17 .99 19.67 21.14 22.95 25.44 27. 34 29.83
12 2 11.36 18 .54 28 . 33 21 .7 2 23 . 73 26 .34 21 . 79
1 23 15 . 89 17 . 58 28 .69 21.8" 23 .66 25 .6 2 27 .55
12' 18 .59 20 . 11 21.1 4 23.el 24. 98 26 ."7 28 .1 2
1 25
126 1 8 . 44 19 .49 21.85 22 . 31 23 .54
1 27 17 .1 5 18 . 20 20 .34 22 .18 25 .34
12. 17. 09 28 .99 22 ."8 23 .82 25.24 26 . 15 28 . 18
12 9 1 9 . 57 21.74 23. 44 24. 95 25 .85 21 • .,4 28 . 44
130 19 . 35 21. 6e 23. 81 25 .101 26.6 5 27. 81 29 .02
131 18 . 95 2 llo52 21.75 23 . 1 8 25 . 43 26 . 35 28 . 14
132 11 . 93 19 .9 4 21. 811 23 . 98 24 .78 26.1" 28 .96
133 19.89 21.93 22 . 96 24 .41 26.53 28. 11!! 39 .19
13 ' 1 6 . 99 19 .11 20.49 21 . 77 23 .58 24 .72 26 .05
13 5 16.59 1 8 .1 6 19 .5 " 20 .94 22 .8 4 24.11 26 .66
136 1 6 . 89 18 .39 28 . 19
137 19. 29 22 .28 24 .42
13 ' 17.16 16 . S7
13 9 19 .64 21.11 22 .36 24 .83
14. 15.11 17 . 42 20.28 22 .34 23 .66 25 .09 26 .42
141 1 8 . 53 28.72 22 .87 24. 5 4 25 . 98
142 17.59 19 .61 21.42 23.48 25 .66 27 .41 28 .89
14 3 11 .4 9 19 .1 1 20 . 91 22.42 25 .90 26.93 28.52
144 16 .91 18 . 23 28 .8 3 21.04 23.26
1 45 18 .49 19 .96 21.44 22 .64 24.95 26 .85 26.18
146 2 2. U 23 .73 25 .56 21 .83 28 .2 4 30.13 32 . 11
147 23 . 17 24 .70 26 .29 29 .09 3B.64 32.95
148 21.81 23 .19 24 .65 25 .60 26 . 79 28 .8 4 30 . 11
14 9 26.85 29 .4 9 31.54 34 .85 36.00 38 .85 3 9 .56
1SO 19 .04 28 . 27 21.91 23 .27 24.65 26 . 17 21 . 32
151 17 . 37 19 ."7 20 .61 22 . 16 24 .1 1 25 . 93
152 1 8 . 97 28 . 75 22 .68 25 . 82 27 . 19 29. 68
153 19 . 97 22 .53 24.07 25 .25 21 .6 1 29 .Hl 39 .67
154 19 .17 20 .3 4 22.02 23 . 47 25. 19 26 .94 28 .37
155 1 6 . 74 20 .3 4 21. 47 23 .54 25 . 57 26 . 95 28 .66
156 17 .64 19.47 21.65 24.53
15 7 16 . 57 16 .16 29 .3 6 21 . 50 22 .88 24.53 26 . 87
158 !S. J a 211 .93 22 . 96 24 . 6 ~ 26 .6 1
159 1 8.4" 1 9.73 21.29 25 .93 27 . 79 29 .65 31. 65
1 6. 1 9 . 42 21 . B2 22 . 13 23 . 67 25 .8 1 27 . 88 3 1 .18
161 19 .4 2 21.02 22 . 13 23.67 25.81 27 .8 9 29 . 77
162 19 .5 1 21.55 23 .24 24 . 72 26 . 1 3 27 .35
' 27
veh i c le 1. 11 12 13 1.
--------------------------------------------------------
cycle
21 2 19 .4 5 22 . 15 2 4. 56 25 . 88 27. 38 28 .74 29 . 80
213 1 8 . 44 19.7 0 21.88 23.70 25 .07 26 . 6 0 28 .14
21. 18 .82 19.89 20. 99 22 . 78 24 .10 26 . 75 28.77
21. 1B.7 " 20. 25 22 .50 23.83 24 .94 27 . 10
216 19 .44 21.26 23.53 25 .85
217 19 . 46 21.54 23 . 52 25 .20 24 .49 31 . 2 2 32.6 2
21. 18 .54 20 . 31 22.09 23 .99 25 .17 26 .50
219 19 . 90
220 19 .84 21.3 6 24.32
221 18 . 7 9
22 2 18 .66 20 .35 22 .89 24 .07 26 . 64 28 .79 39 .40
223 17 .19 19 .1:16 2l:l.88 21.89
224 29 . 84 22 . 71 24 . 60
22 . 17 . 70 19 .83 21 .31:1 23.57 2 4. 61 :~ . 19 27 .8 4
226 17 .66 18 . 92 20.6 0 22.17 24 .5 3 2::i. 62 27 . 03
227 1 8 .50 20 . 35 21.89 23 .14 24.69 26.57 29 . 51
220 17. 76 19 . 20 21'1 .60 22 . 00 23.1:10 24.19 25.5 B
229 23 .91 25 . 51 29. 02
230 16 . 91 18. 54 21. 49 24 .32 25 . 83 27 . 48 28 .5 6
231 17 . 09 18 . 7 5 29 .6 2 23 . 94 24 .5 2 25 .6 6 26 . 52
23 2 18 .71 29 . 59 22 . 96 2 4. 04 25.87 27 . 60 29 .42
233 18 .61 29 . 19 21. 41 23 . 33 2 4 . 78 26 .6 8 27 . 69
23. 17.47 18 . 99 21 . 32 23 .94 24. 2 4 26 .04 27 .55
23. 19 . 19 21 . 39 22 .6 7 24. 43 28 .7 9 27. 53 29 .35
236 16 .6 5 19 .50 21.66 23 .30 2 4 .59 26.34 28 . 77
237 19 . 42 22. 85 24 . 2 4 26.47 28.69 29 . 77 31.32
230 18 .B1 21.21 22 . 62 23.97 1 5. 54 27 . 56 29 . 45
239 17 . 65 2e .84 22 .6 2 24 . 0 3 26 .74 28 .50 30 .B8
24' 18.63 29 . 83 22 . 13 24 . 37 25.61 27.88
241 19 . 40 20.99 22 .69 23 . 17 25 . 19 26 .54 27 . 30
242 20 . 09 22 . 14 23 . 71 25 . 16 28 . 81
243 18.86 20. 94 23 .17 25.41 26. 71 28 .23 29 .38
244 20.20 21.60 23 .53 24 . 78 26 .71 29. 27 30 . 95
24' 19.73 28 . 82 22 .18 23. 90
246 17. 14 20 .41 22 .9 9 23 . 08 2 4 . 38 25.28 26 . 92
247 17 . 87 19. 86 22 . 17 23 .7 2
248 19 .67 22 . 57 25 . 21
----------------------------
veh i c le 1. 11 12 13 14
----------------------_.._--_.---------------------------
no . o f
c yc l es 243 230 230 214 1" 186 172
mean
e laps e d 18.87 20 .6 8 22 .5 1 24. 17 25.8 8 27 .60 29. 28
time
429
vehicle 15 16 17 rs I. 2. 21
--------- ------------------- -------- ----------- ---------
c ycle +3 .13%
1
2
3 313.37 31 .513 32 .69 34 .38 35 .5 4 36 .613 38 .07
•5 30.6 0 32 .23
s
7 32 .513 33 . 73 35 . 38 36.3 3
• 313.21s 31. 07 32 . 613 33 .4 6
1. 313.47 32 .67 34 .48 36 . 139 38.413 40 . 12
11 33. lil4 31 .58 33 .lil3 34 .83 36 . 37 37 .92 39.67
12 31. 37 32. 67 34 .3 4 36. 413 37 .71
13 32 .39 34.7 13 36.27
14
15I. 31. 138 33 .1313 34 .14 36 .57 38 .53 40 . 36 41.62
17 28 . 42 29 . 56 30 .68 31.98 33 .17 34 .43
1 .I .













33 30 . 7 4 33 .97 35. 35 37.0 4 38 .54
3.
35
3. 313 .19 33. 13 5 34.56 36.26 38 . 14
37 313.80 31. 62 33 .64 34.98 36 .54 37 .87 39 .84
3. 29 . 46 31. 13 3 32.62
3. 313 . 97 33 .134 34.56 36 . 7 4 37.99 39.47





.5 3B.8 1 32 .913 34. 12 35 .84 37 .95
•• 32. 71 35.aB 37. 11
".




c ycle +;; . 0%
.7 29 .45 3111 .96 33 . 16 35.36 36.62 37.68 38.67
48 3111 . 17 3 2 . 97 34 .60 37. 15 37 .9 9 39 . 23 4111 .77
••50 3111 .9 111 32 .82 35 . 12 36.39 37 .66 39.00 4111.1116
51 28.82 29 .9 1 31 . 59 34.25 36 .25 38 .27 39.81
52 27.64 2 9 . 04 31 .12 32.98 34.50 35 .6 0 37.24
53 31.87 32 .92
5.
55 30 . 43
56 30 . 36 31.74 33. 44 36.4{l 38 .0 7 39 .78 41.30
57 33.39 3 6 .02 37. 56 39 .04 4111 .111 7 41.70 45 . 16
58 3" .3 4 32 .9 4 33 .21 35 .14 36 .64 38 .67 40 . 20
5. 36 .92 39 .23 41. 11 42 .84 44 . 58 45.62 47. 67
"61 32 .~5 33.63 35 .3111 38 .62 40 .07 42.45 46 .00
62 3 2. 06 33 .87 35 .20 36.27 38.88 40 . 02 41.64
63 31. 54
64
65 31. 10 32 .70 34.03 36 .04 37 . 9 4
66 29 .94 31. 71 33.79 36 .00 37 . 54
67 33.9 0 35 .74 37.30 39 .U 40 .46 42 .23 43 .86
68 32 .1 7
69 39.99 33 . a 34 ..57 35 .88 37 .48 39 .29 41.50
7' 36.29 37 .56 4ii .l1ll 42.44 44. 17 47 .45
71
72




77 29 .83 31.55 33 . 7 5 35.44 36. 8 9 38 .17
7i







86 26 .79 30 .74 32 . 04
87 36.00 37 .79 39 .14 41 .64 43 .36 46.44 49 .20
88
89 31.3 0 32 .66





'5 3" . 44 33 . 25 34. 75 37.56 39.4 0
43 1
vehicle 15 16 17 18 I.
"
21
- - - --------- - - - - - - - - - - - - - - - - ----- - ---- - - - - - - - - - - - - - - - - - -
cycle +3 .0\
.6 31.71 33.28 34 .84 36. 28 38 .11 39. 6 1 48 .94
.7
.8 29 .95 31 .11 32 . 43 3 3 . 87 35. 47 37.70 38. 64
•• 32 .22 33 .95 35 .9 0 38 .14 39. 57
'"101 30 . 49 32.20 33 . 89 34.27 36.73 38 .07 48 . 57
, . 2
' . 3 28 .99 29 . 06 31.47I.' 3"'.41
,.5 29. 72 3 0 . 63 33 . 74 34.72 35. 84
' . 6
, . 7
,.8I•• 31.55 33 .20 34 .30 35.96 37 . 24 39 .00 41.72
11. 26.80 28 .66 30 . 87 31. 94 33.04 34 .46 36 . 65
111
11 2 32 .04 33.56 35.19 37 . 14 3 8 .79 40 .3 0 41.97
11 3 27.14 29.60 31.64
11' 34 .59 3 5 . 97 37. 21 39 .2 5 40 .6'" 42.2 5 43 .94
115 28.00 3 13. 45 31.60 34 .5 3 35 .53 36.t9 38 .17
116 28.29 30 . 29 31 .29 3 2.87 34 .2 6 35. 57
117 26 .3 2
11 8 29.21 31.1 4
11' 29 .82
'"1 21 31 . 70
122 29 .44 30.92 32 . 50 34 . 52 36.42
123 29.09 30.90 31.7 8 34.24 35 .40 37 .7 4 39 .8 4




12 8 30 . 24 31. 67 33 .43 35. 66
129 29 . 99 31 .51 34 .34 36.22 38 . 59 39 . 91 41. 32
13. 31. 30 32.5 2 34 . 66
131 30 . 34 32.20 33 . 63 35 .9 7 37 . 9 4 39 . 76 41 .77
132 31. 01 32 . 47 33 . 98
133 32 .19 33 .91
134 27 . 31 28 .95 30.96 3 4 . 81 36 .34 37.69











vehic l e 1 5 I. 17 18 19
"
21
--- ----------------- ---- ------------- ------- - -----------
c ycle +3 . 9\
14 5 31 .9 2
14' 33.92
,.7
14 8 31 . 78 33 . 7 0 35 . 79 37 .97 38 . 53
14' 41. O3
158 29 . "" 38.54
151
152
153 31.92 33.39 35 . 16 36 . 64 38. 08 39 .6 9 49. 97
IS ' 29 . 91 32 .18
15 5 29 .98
I S'
157 28. 1 3 29 .60 31.98 33. 14
158
I S' H. 9 5 35.3 6 37 .4 8
" 8 33 . 99,.,
,. 2
,.3 32 . 32 H .U 34 . 69
I • • 31 . 00 32 .54 34 . 62 35 .70 37 . 27
,.5
I •• 29 .8 4 31. 27 32.19 33 . 97 36 . 23 3 8. 29 40 .0 0
, .7
,.8
I .' 31 . 60 33. 01
170
171 26.5 9 28 . 0 5 30 . 96
172 28. 58 39. 43 31.72 33 .13 34. 97 3 6 . 24 37 .95
173 29.54 30 .42 32. 01 33 . 77 35 . 23 3 6 . 69
174 29 .77 31.2 9
17 5 31.85 33 .25 35 . 89 37 . 17 38 . 74 4 0 . 14 41. 98
17' 33 . 67 35 .56
177
178 32 . 53 34 . 1 8 35 .74
17' 32 . 7 5 34. 20
188 29 .56 39.35 31 . 42 34 . 14 3 5 .7 8 37 . 28 39.13
181 29.76 32 . 93
1 82
18 3 H·. 28 36 .33 38.54
18 .
1 85





19 1 31.U 33 . 9 6 35 . 71
192 28 . 93 30 .79 31. 87 33 .64 35. 12
19 3
.33
vehicle 15 I . 17 18 19 20 21
--- - - --- --------- - - - - --- - - - ---- - - --------------- - - ---- - -




197 34 . 00
198 31 .61 34.36 36.66 39 .21 42 . 26
199 36.45 38 .45 39 .66 41.07 42 . 53 44.17 45.4 4
290 32.45 33 .89
201
292 32.74 35.21 37 .22
203 30.68 32 . 14 34 .35 36 .35 38 .0 1 39.10 41.80
294 31.10 32 .57 33 .7R 35.19 37.08 38.28 39 .40
205 28 .32 29 .36 31.50 32 .78 35 .13
206
207 29.88 30.94 32.39 33. 84 35.24
2" 29.54 31 .68
209
21'











222 31.67 33 . 11 35.98
223
224
225 29 .77 39. 74 33 .82 35 .97 36.29 37.59 38 .9 1
226 28.55 39 .68 32 .64 34 .29 35 .38 37 .57 39 .59
227 39.57 32.08 33.72
228 26 .9 4
229
238 30 . 10 31.28 33.78 35 .67
231 27 .73 29. 76
232
233 29 .3 1 31.90 32.75





239 31 .47 33.62
24'
241 29 .56 31.0 4 32 .46 34.07 35 .88 37.17 38.89
242
43 .











30 . 98 32 .56
32.08 34. 19
33 .19 35 .52 37 .60 39.14 41.24




cycles 142 118 .8 78 74 57 48
mean
e laps ed 30 . 96 3 2.56 34 . 18 35.91 37.62 39.26 41. 14
t ime
ve hicle 22 23 24 25 26 27 28
c yc l e +3 . 0%
1
2






























42.79 44.67 46. 44 48.Hl 49 .5e 51.47 53 .130
46.47 47 .57 49 .44 51. 47 53.49 54 . 56 56. 21
41. 78 43 .75 46 .69
49. 54 51 .14 52 .65 55 .24 57 .10 58 .71
47.20 48.84 50.7 5














































vehicle 22 23 24 25 26 27 28
- - --------- - - - --------- - ----- - - - ------------------------










87 53 . 48 51.98
88
8'






96 42 .11 43 .60 44.71 46.01
97
98 41.42 43 . 01 44.74 46 . 15
99
1"













11 4 45.10 46 .81 49. 33













ve hicle 2 2 23 24 25 26 27 2.














































17 2 36 .21 40 .77 42. 11 43 .84 45 .9 1 46. 5 0
173
174
17 5 43.12 44 .~ ·. 45 .4 5 47.07 48 . 01 49. 94 52. 10
438
ve hicle 22 23 2 ' 2 S 20 27 28




























2e3 42 . 911 44 . 14 46 . 72 4 8 . 56 59.33 51. 72 54 .92






















vehic le 22 23 24 25 26 27 28
cycle +3 .0%
225















241 40 . 45 42.61
2 42






ve hi c l e
no . of














e lapse d 42 . 91 44 .92 46 .51 48.11 49 .85 51, 3 2 52 . 92
time
- 3 . 0\
vehic le
------------- ------------------~----- ------------------ -
c yc l e
1 5 . 46 7.89 9.78 11, 21 15.26 17 .6 2 20. 06
2 4 . 54 7 .76 6 .93 11. 50 13.21'1 15 .97
3 3 .47 7 .16 9 .32 11'1 .60 12. 58 15 .87 19.35
4 6.97 8.25 1 0 .9 4 1 2 .5 2 16.09 18.57 20.09
5 6 . 44 8.24 9 .61'1 1 0 . 96
6 6 . 29 8 .87 11'1 .57 1 2 . 1'1 3 14.53
7 5 . 17 6.48 9 .56 11. 87 13.71 16 .14 19 . 1 5






18.66s 6 .63 8 .137 19 . 67 1 2 .74 1 3 . B6 1 6 . 59
10 6 . '7; 8 .97 19 . 57 12 .63 14 . 93 17.46 19 . 56
11 2 .52 5 .24 7.89 9.38 H I. 94 12. 34 1 4 . 16
12 5.14 6. 13 7.85 9 . 07 11.99 12 .69 14.1 3
13 4.66 6 .513 9.17 12. 16 13 .B2 15. 47 17 . 13
14 6 .05 7 .54 11 . 0 0 12 .21 1 4 . 72 1 6. 51 1 8 . 24
1 5 4 . 51 6 .41 8.91 10.76 1 2 . 37 14. 57 16. 46
1 . 5.24 B.07 10 . 83 12 . 16 14 .1 6 16 . 02 17. 32
17 6 .30 9.03 11 .48 13 .21 14 . B3 16 .4 4 17 . 99
1 8 3 .66 6 .4" B.24 9 .55 10. 94 12 .5" 14 . 04
rs 6 .48 B."" 19."9 12 .32 13. 53 14 .99 17 . 09
28 5.82 7.44 9.54 11..0 8 1 2 . 57 1 4 . 82 16. 37
21 5 .85 8.08 HI .3 4 12 . 08 14 . 66 16.26 1'1.45
22 6 .64 6 . 8" 19 . 20 11 . 81 13 . 42 15 .04 1 6.7 5
23 3.35 4. 6 0 7.24 8.83 I 1.B0 13 . 74 15 . 92
24 6 .88 6.19 9 .79 11. 1 7 13 . 56 15 . 42 17 . 55
25 4.25 a.ai 9 ..83 12. 5 4 14 . 45 16.15 17 . 57
2' 6 . 87 8 .67 HI.23 11.69 13. 49 15 . 27 1 6. 70
27 5. 47 8 .60 10 . 6 4 1 2 .1 0 13 . 72 15 . 54 16 .84
28 4 .89 7.77 1" .09 12 .02 13 .71 15 . 69 17 . 20
2' 5 .64 7.47 9 .3 4 le.94 1 2 . 54 14.5e 15 . 96
"
5 . 14 7.20 8 .81 lB .55 13 . 49 15 .49 17 . 1 8
31 5 . 19 7 . 13 7 6 .87 10 . 4 4 1 2 . 63 1 4 . 47 1 6 . 1'1 7
32 5 .U 6 . 43 le .7l 1 2 . 4 3 1 4 . 45 16 .87 18. 74
33 5 . 15 7.43 8 .99 10 .53 12.42 13 . 89 16 . 14
34 5.37 7.llil 6 .99 ia .as 1 2 .1 6 13 .89 15 .38
35 4. 54 7.61 9 ."7 11. 5 9 13 . 55 1 5 . 83 17 . 71
36 7 .9 3 10 . 16 12.00 13 . 74 15 . 50 18.33 20 .83
37 5.47 7. 46 9 . 44 12 .37 14 . 24 17 . 09 19 .64
38 5. 40 6 .81 8 .613 i a. as 13.20 14 .96 1 6 . 51
39 4 .ilS 5 .46 7 .43 1'1 . 07 1 2 . 40 14 . 12 16 . " 6
48 6.04 7.62 9 .14 11.7 2 13 . 71 1 5 . 61 17 . 77
41 5.47 LS0 10 .21 11.42 13 . 63 15 . 44 17 . 4"
42 4 . 97 6. 46 7.99 11. 47
43 5 .26 7.06 9 .43 11. 2 8
44 5 .1 " 6 .28 8 .67 19.21 1l . 86
45 5.79 7. 20 9 .24 10 .46 11.89 1 4. 68 16 . 17
46 5.77 7 . 7 4 12. 77
47 5 .22 7 .93 9 . 98
48 4 . 83 7.30 9 .21 12 . 5 "
49 5.24 6 .87 8 .81 HI . 49 1 2 . 27 1 3 . 95 1 5 . 36
5. 3 .73 5 . 87 7.7 0 8.9" llL76 1 3 . 09 14 .30
51 6.78 8 .92 19 .97 13. 7 7 1 4 . 94 16 . 43 1 8 . 1 3
52 7 . 71 9 .15 11.4 8 13 .4 2 15 . 31 16 . 86 1 8 .40
53 4.96 6 .91 8 . 59 10 .24 11. 91 1 3 . 34 15. 10
54 4 . 84 7. 17 8.81 11. 0 1 12. 99 1 3 . 69 15 . 72
55 3 .93 5 .14 7 .60 9 . 18 1l . 45 13.44 15 . 81
56 5.32 7 . 42 9.01 11.95 13 .79 15 .511 17. 50
441




57 4 .38 5 .44 6.41 10 . 70 12.70 14 . 00 1 5 . 8 4
58 6 . 1 7 8 . 09 9 .67 10 .97 1 2. 97 14 . 38 15 .65
59 4.0 9 6 .74 7.73 9.31 11. 37 12 .63 14.48
"
5.813 7 .66 9.86 11 .24 1 3 .2 4 14 .6 1 16 .48
61 5. 6 8 7 .28 8 . 77 11. 17 1 3 . 41 14.60 15.67
62 4. 3 2 7 . 10 9 .52 1 L10 1 2. 30 14.42 16 .08
63 6.04 8 .77 11. 07 1 2 . 95 14 . 19 1 5 .93 17 . 47
64 5. 76 7 . 64 9 .97 1 1.59 13 .38 1 5 . 61 17 . 17
65 4. 74 6.84 8 .5 8 10.52 12.1 5 14 .14 16 .09
66 5. 47 7. 44 8 . 88 10 .52 1 2. 38 14.09 1 6 . 39
67 3.68 5 .09 6 . 26 9 . 52 1 1. 16 1 3 . 06 1 5 .11
68 4.62 5 . 6 1 7. 42 9 .60 11. 27 13.04 14.96
69 6 .42 7 . 91 9.54 11 . 01 1 2. 96 14 .8 4 16 .06
7. 6.46 8 .41 1 0. 1 2 11.74 13. 50 1 4. 87 1 6 .1 8
71 3 .96 5.49 6 .93 9.10 11.04 1 2. 56 14 .4 4
72 4.28 5 .94 8. 24 11 .15 1 2. 05 1 3 .72 1 4 . 82
73 5.30 6.88 8 .54 1 0 . 53 11.71 13 .89 15.21
7 4 4. 72 7.08 8 .58 1 1.06 1 2.73 14 . 26 15.70
75 4. 41 5 .77 7. 45 9.52 11. 42 13 . 36 14 . 85
76 5 . 5 9 7 . 3 2 9 . 19 ' l. 09 12 .68 14 .2 15.33
77 4 .77 6 .87 9 .20 10 .6 7 14 . 17 1 6 . 24 17.76
7 8 5 . 2 9 7 .88 9 .39 1 0 . 56 1 2.70 1 4. 90 16.07
79 4.72 6 .63 7.86 9 .81 1 1. 94 1 3 . 84 1 5 . 69
8. 5 .4 4 6 .82 8 .90 1 0 . 99 13.17 1 5 . 05 1 8 . 04
81 5 .44 8 .61 10.14 11. 67 1 2. 98 1 9 . 41 20 .54
82 3 . 5 5 6 . 4 6 7.93 10 . 26
83 4 .99 6 . 76 8.84
84 5 .96 7 . 713 9 .94 11. 72 1 3. 83 1 6 . 96 18 .87
85 5 .67 7.69 9.77 13.42 16 .35 1 9.3 8 22 . 413
86 5 .1 4 7 .30 9 .92 12 . 58
87 5 .20 6 . 33 8.52 9.94 11 . 69 13.78 15 . 39
88 5 .137 6 .35 7. 77 113. 17 1 2. 1 5 13 .69 15.81
89 5. 7 3 8.32 11.17 1 4 . 06 1 6. 08 17 .47 19 .34
9. 5 . 30 7 .23 8 . 83 11. 02 1 3. 11 1 5. 25 17 .11
91 5.82 8 . 1 7 9 . 37 1'5.60 1 3. 16 1 5 . 60 16 . 94
92 5 .47 6 .9 9 8. 57 10 . 16 1 2. 72 14.04 16 . 88
93 4.9 9 6 .67 9 .66 1 0 . 83 1 2 ,75 14. 48 16.4 2
94 5 . 52 7.14 8.61 1 9. 17 1 2. 14 13 . 79 15 .15
95 5 .64 7 .32 8 .90 1 0 . 70 1 2. 40 14 .34 16 .67
96 8. 14 9.87 11 . 91 13 . 70 1 5. 14 1 8 . 04 1 9 .71
97 4. 54 7.24 9 .09 1 2 . 21 14 . 17 1 5 . 69 1 8 . 11
98 5 . 67 6 .86 8 .96 10 .87 1 2. 83 14. 41 16. 28
99 5 .96 8 .04 10 . 31 1 2. 06 16 .6 1 1 9. 76 22 .10
1•• 5 .24 7. 03 9 . 17 10 . 30 11. 73 13 .58 15 .14
1. 1 4.17 6 .83 8 .6 1 10 . 06 1 2. 25 14 . 58 16 . 21
' . 2 6 . 83 8.35 10 .2 0 1 2.03 1 3. 79 1 5 . 47 17 .62
1 . 3 6 .21 7. 97 9.29 11.07 1 2. 84 14 .17 1 6 . 20
' . 4 6.40 8 . 7 9 10 .57 12 .38 1 3.79 1 5 . 55 1 8 . 2 8
442
- 3 . 8\
vehic le
--------------------------------------------------------
cy c l e
1 2 .3 4 14.85 16 . 90lOS 4 . 83 6.14 8 . 34 11'.34
106 4 .36 6 . 78 7,91 10. 87 1 2 . 66 13.15 14.5 8
107 6 . 04 10 . 46 13.94 16. 34 17 .74 18. 91 2 0 .23
1 ' 8 5 . 22 6. 74 8 . 36 13 . 05 14 . 50 15 . 5 9 17, 20
109 5. 51 8 . 04 9 .85 11. 57 1 2 .9 2 14 .74 16. 57
11 . 5.03 6. 90 8 . 36 lB .99 12 . 81'1 14 .62 16 .29
111 4.63 7 .1 6 8 .6 4 9. 95 1 2 . 51' 13 .63 15 . 30
112 5 .57 7 .32 9 . 53 11' .7 6 12.88 14 . 71 16 .05
11 3 5 . 25 6.74 9 .17 lB .95 1 2. 27 13 . 7 9 15 . 78
11. 6 .21 7. 38 9 . 67 11.98 13 . 54 15 .6 1 17. 81
115 5 .9 4 8. 49 9 .59 11.17 14 .34 15 .84 17 . 03
11. 4 .64 6 .4 2 8. 14 lB .n 1 2 . 56 14 . 95 15.48
11 7 5 . 28 7 . 77 9 .44 11.13 13.44 15 . 56 17. 13
11 8 5 . 0 8 6 .73 8 . 36 9 . 46 11. 22 12 .3 3 13 . 89
11 . 5 . 42 6 . 47 8 .47 10 . 19 11 .97 13 . 87 16.3 2
1 2 ' 5 .14 6 .66 8.36
121 5.86 9 .6 3
1 22 4.24 5 . 70 8 . 42 9. 93 11.6 0 14.07 1 5. 9 0
12 3 3.89 5 .2 9 7 . 26 8 .7 8 10. 97 12 .9 7 j,4 .65
12. 5 . 85 7 . 57 9 . S4 11. 85 13 .2 4 15 . 14 17. 0 9
12 5 4. 2l! 7 . 11 8. 18 9 .6 8 11 . 13 12 .7 5 14 . " 8
1 2. 5 .6 0 6 .83 8 .60 9 .55 14 .51 16. 82 18 .22
12 7 5. 21 6 .44 7, 79 9 . 84 11.59 13 . 28 16 .89
12' 5 . 14 7 .54 9.30 11 . 33 13 . 31' 14 . 97 16 .92
12. -4.94 6.36 8 .92 9 .59 11. 06 1 2 . 92 14. 411
13 . 5 . 57 6 .62 9 .14 11.02 1 2 . 91 14. 40 17 .6 7
13 1 5 . 6 8 7 . 17 8 . 7 8 HI.7 8 12 .46 15.07 17 .97
13 2 7 . 40 9 . 57 11.32 1 2 . 97 14.40 15. 46 17. 87
133 4 .81 6.50 7.87 9 .64 13 .5 4 15 . 18 17 . 30
134 5 . 71 6 . 88 8 . 55 10 . 56 1 2. 77 14 . 10 15 .6 1
13 5 6 .00 7. 20 9.74 11. 21 1 2 . 82 15. 47 1 7 . 24
13. 5 . 98 7 .7 6 9.71 10. 97 11 . 94 12.95 14 . 34
137 4 .84 7 .89 8 .78 HI .68 11 . 94 13. 55 15 .41
138 5 . 24 7 . 62 9 . 61 11.84 1 2 .91 14 . 29 16 .43
139 5.46 8. 35 9 . 97 11. 81 13 . 17 14 .72 16 .22
1 40 5 . £14 6. 32 7 .9il 9.87 11. 55 13 . 59 15 . 33
141 S.2 il 7. 39 9 . 311 11.38 14 . 8 8 16.51 17 . 64
142 4. 86 6.67 7 . 97 11.14 13 .11 15.51 17 .68
143 4.2 9 6 . 92 8.58 10 . 63 13. 11 3 14 . 5 11 17. 23
1 44 5 . 45 7.07 9 . 29 Ill . B3 13 . 21 14 . 64 15 . 7 8
1.5 5. 19 6 . 98 9 . 12 10 .6 2 1 2 . 44 15 . 7 5 17. 15
14 . 4 .00 5. 78 7.7 5 9 .54 HI . 59 12 .34 13 . 7 5
1 47 4. 17 5 . 88 7 . 70 9 . 44 11 .3 7 13 . 13 14 . 7 3
148 4.27 5 . 74 8 . 64 10.44 1 2. 06 13 . 7 4 15 . 36
1 49 7 . 9 8 9 . 27 10 .39 11. 811 13 .04 14 . 7 0 16 . 96
I SO 4.30 6 .19 9 . B8 10 . 89 1 2 . 30 13 . 83 1 5 . 43
151 5. 7 4 7 . 21 8.71 11l.4S 1 2 .23 13 .41 15 . 05
152 4. 32 5 .93 7.91 9 . 47 11.13 12 .8 3 15. 47
44 3
-3.n
veh i c le
--------------------------------------------------------
cycle
1 53 5 .18 7 .55 HL 05 12 .2 1 14 .2 5 1 5. 91 17 . 32
IS. 5 . 39 7 . 47 8 . 97 1 9 . 44 12 .34 14 . 37 16 .43
15 5 6 .47 8 . 78 9. 85 11.80 1 2 . 55 14 . 38 15. 80
156 5.U 6 .97 8 . 67 U .4 6 11 .98 14.44 15. 74
157 5 .B 8 7. 89 9 .8 7 11 .78 14 .9 4 17.93 29.6 4
15 8 3 .3 6 5 . 55 19. 91 1 3 . 30 14 .5 4 16.27 18 . 1 7
159 4 . 76 7 .83 10 . 34 1 2. 26 13 . 51 15 .78 17 .39
16 8 3 .80 5 .83 7 . 42 9 . 21 11 .3 9 12 .96 14.61
16 1 6. 88 8 . 49 10 .41 11.89 1 2. 93 14 .12 1 5. 5 8
16 2 5 .9 7 7 . 8 4 10 .17 11. 49 1 3. 01 14 . 60 16. 04
163 5 . 13 7 . 39 4 .6 7 11.29 1 2.64 14 .13 17 . 9 4
16. 5 .9 8 7. 69 9.29 11. 59 1 3. 20 14 .1 9 16 . 7 3
165 5 . 99 7 . 58 9.46 1 2 . 79 14. 36 15 .97 17 .1 8
16 6 5. 60 9 .88 11.31 14 .4 8 15. 65 16 .8 7 17 . 93
167 4 .02 6 .64 9 .58 11 . 87 13 .3 2 15 . 06 16.83
1 6 8 4.0: 5 .7 8 7.50 9 . 51 1 2 . 09 14 .34 16 .07
1 6 9 6 .68 8 .6 1 10.99 1 2.42 1 3 .88 15 .4 1 17 . 93
17' 4.44 6.67 8 .91 10 .80 1 2 .1 7 13 .57 15 .6 B
17 1 6 . 51 7.33 10 .47 1 2. Bl 13 .5 3 1 5.37 16. 92
172 6 . 40 7 .98 9 .2 3 11.03 1 3. 95 15. 71 19 .24
173 6. 1 5 8 . 7 1 11.24 12 .9 5 14 .00 16 .4 1 19.6 8
17. 4 . 87 6 . 33 8 .3 7 9 . 54 11.7 4 13.14 14. 91
17 5 6 . 1 8 8 . 34 9 . 60 11.0 8 1 2.34 14 . 7 0 16. 49
17 6 4 . 66 6 .50 8 .21 1 0 . 95 11 . 36 14. 27 15. 67
17 7 3 . 73 5.54 10.78 1 2.42 13 . 95 15.6 8 17 .86
178 4. 93 7 . 57 9 .53 11. 73 13. 86 15.53 17 . 20
179 4 .99 6 . 19 7 . 80 9 .0 3 )l . U 12 . 7 8 15 .0 2
1 8 ' 4. 51 6.98 8 .64 9 . 69 11.18 1 2. 98 14.4 3
18 1 6 .91 8 .28 9 . 73 11 . 76 13 .72 14. 97 16 . 30
182 5 .7 3 7. 27 8.91 10. 89 12 .5 4 14 .8 5 15 . 74
10 3 4 .8 7 5 . 74 8 . 15 9.96 1 2.39 13 .7 7 15.4 9
1 Cl4 5 .09 6 . 74 9 .88 10.76 13 . 77 15 .24 16 . 55
1 85 4.83 6 .75 8 . 42 9 . 93 11 . 64 13 . 92 15 . 508
1 86 6 . 24 9 . 84 11 . 54 14 . 02 15 .69 17.1 8 19 .30
1 87 4.7 6 6 .25 8 .87 9. 69 1 2.le 14.1'3 16 .1' 2
18 8 4. 87 6 . 21 9 .9 9 HI . 55 12.5 5 14 .10 15 .91
1 89 5 . 11 9 6 .7 4 10.02 11. 5 4 13 .72 1 5. 80 17 .4 5
198 3. 44 7 .4 7 9.94 1 2. 27 14.32 16 . 51 18 .03
191 5 . 40 15 . 59 8 . 04 9 . 51 1l. 37 1 2.87 15 .36
19 2 3 .89 7 .09 8 .64 9 . 75 11. 70 13 .32
1 93 2. 33 4 . 24 6 .97 8 .80 11. 77
19. 6 .56 8. 60 10.83 13.00 14. 02 15 .35 16 . 79
1 95 5.9 4 7 .26 8 .39 11.11 12.64 14 . 47 16 . 18
1 96 4 .96 6.59 8 .30 11' . 40 11.89 13.56 15 .87
19 7 5 .65 7 .00 8.72 1 0 . 40 12 .01 14 .14 16.68
198 2 .98 5 .4 2 7.44 8 .96 HI.10 12 .57 14 . 54
19' 4.17 6 .8 8 9 .27 10.43 1 2. 25 13 . 5 5 14 . 95






9 . 12 16. 31201 5 . 47 6 .84 10.66 1 2 . 90 15.27
202 4.30 5 .47 6.72 8 .18 19 .17 13 .82 1 5 .14
203 5 . 44 7 . 34 8. 72 11. 34 12 . 99 1 4 . 38 15 .B 4
20' 4.47 7. 67 9 . 97 13.47 16. 67 17. 95 29 . 19
205 5 . 63 8 . l'l4 9 .62 11 .30 1 2 .34 13 .5 5 1 5 . 34
20' 5.55 7. 45 9 . 90 11 .69 1 3 . 30 17 . 12 19.14
207 5.60 7.1 8 9 .98 10 .89 1 2.10 1 3 . 33 16.94
20. 7 .28 8 .72 9 .87 11.7 1 1 3 . 97 15 .48 1 7 .46
2. ' 5 . 27 7 .48 8 .94 18 .21 11.7 8 12 .81 15 . 88
21. 6 .88 8 .16 9 .68 11.57 1 " . 68 14 .32 16 .13
211 4 . 71 7 .1 3 9 .15 11 .04 1 . 42 13 . 89 15 .54
212 5 .8 7 7.88 9.82 11 . 30 1 1.. 56 13 .85 15.58
213 5 .99 7.46 8 . 97 10. 67 1 2. 23 13 .55 14 . 96
214 5 .6 7 7.32 9 .6 1 11.6 0 13.27 14 . 7e 1 6 .54
21> 4. 68 6 .57 8.24 1'1 . 44 1 2 . 05 13 .8 6 1 ~ . 3 4
21. 3.9 5 5. 04 8.21 9.5 1 1 '1. 61 12 .1Il 13 . 64
217 3 . 97 5 . 67 8 . 29 9 .6 0 11 . 1 4 1 2 .38 14. 22
21 . 5 .95 7 . 46 9 . 23 11<1.89 1 2 . 07 13 . 85 1 5 .14
21 . 5 .5 7 7.34 9. 81 11. 41 1 3 .2 7 15.02 16. 94
220 6 .27 8 .80 10 . 50 11.90 1 3 . 20 14 . 63 17. 94
221 5. 40 7 . 76 9.27 14 . 35 16 .1 3
222 5 . 17 7 .75 9. 39 11.20 1 3. 10 15 .97 18. 45
223 5.45 7. 13 8 .44 !e .21 1 2. 21 14 .63 16 .73
224 4. 17 6 . 23 8. 56 10 .23 1 2 .78 14 .65
225 6 .27 7 . 67 9. 31 11 .88 13 . 81 14 .79 16. 21
22' 5.41 9 .26 11.64 13. 26 1 5 .63 17 . 19 1 9 . 54
227 5. 80 7 . 47 8.94 n .n 1 2 . 86 1 5 .32 17 . 43
220 6.70 8 . 48 HI .41 11. 59 13 .40 1 5 . 83 17 . 90
22' 4 .52 6 . 92 10.25 11.87 1 3 .2 3 15.19 17 . 10
23' 5 .2 7 7 .17 9 .4 7 10.79 12 . 27 14.11 1 5. 87
231 4 .71 7. 94 lB .29 1 2. '17 13 .4 3 15 .15
232 6 .49 7 .99 9.30 10 . 7 4 1 2 .35 13 . 72 15 . 27
233 4. 99 7.23 9 .8 8 11. 26 1 2 . 63 14. 88 16.67
234 6 . 45 8. 29 9 . 44 10 .62 11. 73 13 .30 14 . 68
235 5.98 6 . 52 8 . 81 18. 67 12 .17 1 3 .78 1 5 . 82
23. 5 . 17 8 . 30 9 .87 11. 74 .3 .7 9 1 4 . 94 17 . 61
237 5 .57 8. 72 11.14 12 .71 1 4 . 53 16 .13 17 . 65
230 4 . 24 6 .5 4 8 .5 1 HI. 07 11. 52 1 3 .17 1 5 . 40
23. 5 . 85 7. 81 9 .66 12 .38 14.66 17 . 91 2 8 . 38
24' 5 . 24 6 . 70 .~ . ll 10 .85 1 3 . 94 13 .97 1 5 . 79
241 5 . 23 7 .5 8 8 .B8 10.46 1 2. 21 13 .49 14 . 82
242 3 .44 5 . 24 6.6 2 8 .21 19 .23 11.64 13.07
243 3 .77 6 . e 5 7 .71 9 .61 1 1. 07 12 .69 14 .79
244 5 .9 2 6.8B 8 . 82 le .73 1 2. 49 13 .82 1 5. 27
245 4. 86 6 .2 7 7. 81 HI. 74 11. 97 1 3 . 16 14 . 52
24. 3.39 5 . 33 7 .B4 9 . 94 1 0 . 97 13 . 20 14 . 61
241 4 .46 6 . 27 8.57 10 . 0 8 11.62 1 2 . 99 16 .8 5
24. 5 . 48 B.79 10 . 17 11 .57 1 2 .91 13. 98 1 6.74
445









cycles 24' 249 246 244 236 234 230
mean
e l ap s ed 5 .2 3 7 . 23 9.18 11.06 12 .91 14 .7 5 16. 59
time
- 3 . 0%
veh i cle
"
11 12 13 14
--------------------------------------------------------
cycle
1 21.24 22 .87 25 .65
2
3 21.30 23 .24 24.59 26.93 2 9 . 93
4 21.66 23 .02 24 . 34 26 .25 28.09 31.35 33.02
5
6
7 21.16 23.64 25 .9 4
8 18 . 1 9 19 .713 22.44 24 .59 26 .47 27 .90 29.413, 20.58 21.94 23.14 25 .50 27 .72 29 .29 39.82
re 21. 69 22 .7 0 24 .56 26 .42 29 .14 30 .6 1 31 .91
II 16.31 19.70 21.22 22 .55 24.16 26 .07 28 .33
12 16 .30 17 .70 19 .09 20 .26 21.67 2 3 .16 25.97
13 1 8 . 81 20 .58 22 .73 25.8 4 28 .72 30 . 31 32.30
14 20 .0 2 21.87 23 .51 25 .76 27 .0 7 28 .96 30.04
15 1 8 . 39 20 .23 22 .52 25.34 2B.07
16 1 8 . 9 2 213 .71 23. 34 25 .00 26 .813 29 . 14 3 2.39
17 1 9 . 44 21.20 22 .74 25 .60 27.57 29 .27 31.78
16 1 5. 5 2 17 .37 18. 43 21 .50 23.55 25 .B4 27. 53
I ' 19 . 70 21.67 23.90 26.4620 17. 6 5 19 .25 21. 18 22 .813 24 .57
21 1 9 . 6 6 21.55 23.40 24 .97 26.73 3e .07 3 3.34
22 17 . 98 19.49 21.46 23.43 26 .50 2B.6 0 30 .0 0
23 17 . 3 4 1 9. 4 8 21.27 23. 42 25 . 44
24 29 .69 22.55 24.21 25.93 27. 68 313 .07 32 .69
25 1 B. 9 4 29.6 5 21 . 9 4 23.91 26 .74 28.3 5 29 .96
26 1 9 . 51 21.17 23 .62 25.54 27. 46 29 .46 31.9 3
27 17 . 96 1 9.6 3 21.10 23 .23 25.17 26.96 28 .66
26 1 9 . 08 20.55 23 .34 25.7 9 27 .5 1 28 .B8 30 .45
29 1 8. 05 1 9. B0 22 .07 23.69 24.B4 26 .65 27.24
30 1 B. 49 19.B1 23 .40 25 .03 26 .B 4





11 12 13 14
-------- ------------ - --- -- - - - --------------~--- - -- -- - - - -
cycle
32 20 . 44 22.47 23.99 25.97 28.113 29.44 31.60
33 18 .33 20 . 21 22.64 24.12 25.36 27.27 29.60
34 17.25 19 .31 28.89 22 .68 25 .97 27.99 29 .74
35 1 9 . 68 21 .19 22 .98 24 .78 27.41
36 22.91 24.21 25 .44 27.74 28 .93 30.59 32.48
37 213.67 22.29 24.28 25.74 27.21 28.58 30 .96
38 1 8 . 54 20.63 22.67 24.36 26 .47 29.10 30.69
39 1 7 . 55 19. 14 21.78 23.56 25.25 27.18 28.66
4' 20.87








49 16.57 18.18 19.52 21.35 22 .80 23 .99 25.81
se 1 5 . 41
51 19 .94 21.26 23 .57 26. 27 27 .80 28 . 97
52 1 9 . 67 21.82 23.62 25 .60 27 .03 28 .11
53 16 .21 17 .80 20 .04 20.99 22.57 24 .58 25.89
54 1 7 . 21 19.31 21.02 23.3£1 24 .54 26 .43 27 .75
55 17. 73 1 9 . 63 21.61 23 .13 24.61 27 .07 28.38
56 19.02 20 .87 23. 15 1 6. 00 28. 12 29 .57 31 .63
57 1 7 . 31 1 8 . 94 20 .46 22.6£1 24.54 26.82 28 . 37
sa 17 .49 1 8 . 96 20. 50 22.86 25 .44 27 .29 29 .43
59 1 6 . 72 18 .50 19.99 21.29 23.31 24 .68 26 .75
"
1 8. 43 1 9 . 89 22.01 24 . 18 27.27
61 16. 84 1 8. 07 1 9 . 48 21.34 23 .06 25 .31 26 .73
62 1 8 . 27 :9 .27 20.44 21.93 22 .9~ 24 . 11 25 .94
63 1 8. 93 20 .25 21.41 22.48 23.98 25 .27 as.er
64 1 9. 40 21.40 22.84 25.03 26.80 29 .07 30 .80
65 18 .19 1 9 . 22 20 .92 22 .20 23 .57 24 .90 27 .05
66 17 .82 18 .84 20 .71 22 . 55 24 . 30 26.11
67 16.79 18.09 19.18 21.53 23.65
6B 1 6 . 87 18.54 20.79
69 17 . 97 1 9 . 7 4 21.11 22 .79 24 .91
"
18 .02 19.87 21.33 22 .70 24.96 26 .78 29 .17
71 16.39 1 7 . 46 21.37 23 .28 25.71 27.33 29.27
72 16 .24 1 8. 29 20.23 21 .74 23 . IH 24.41 26.59
73 1 6. 32 1 8 . 01 19 .49 21.01 22 . 13 23 .37 24 .64
74 17. 20 18 .62 20 . 21 21.7 8 24 .20 25 .73 27.57
75 16 .27 17.73 1 9 . 55 21. 08 22 .37 23 .50 25 .11
76 18 .68 2 0 .06 22.03 24.07 25 .69 28 . 1 29 .68
77 1 9 . 17 21.43 23. 02 25 .56 27 .44 29.96 30 .24
7B 18 .59 1 9 . 79 22.22 23.5 5 25.84 27. 67 29 .74





11 12 13 14
-------- --- - - -~--- - ----~------- - - ---- - -- ------ - - -- - ---- -
cycle
8' 29.47 22 . 64 24 .28 25 .5 1 26 .81 28 .e4 29. 44
81 22. 07 23 .45 25 .5 1 27.38 39.33
82
83
84 29.93 23 . 05
85 24 .27 25.93 27.27
8'
87 17 . 93 19.67
88 18.34 2" .06
89 21 .J 9 23 .le 24.24
"
19 .49 21 .6 1 24 .23 26 .30 28 .04 39.27 31. 96
91 21'.07 21.57
92 18. 3 3 29 .21 21.5 4 23 .87 24. 94 26 .17 27.98
93 18 .35 29 .31 22 .05 23.65 25 .44 26 .89
94 16.3 4 17 . 9 4 19. 53 29 .72 23. 73 25 .72 28 .57
9S 18 .34 2 9 . 5 9 22 .72 24.34 25 .51 26 .78 27.95
96 21.99 22 .82 24.87 26.94 28 .92 30.50 31.82
97 23.81 22.14 23.71 25 .59 27.21 28 .75 30.6 4
98 17 .76 2" .66 21.93 23.10 24.53 25 .6 7 27 .06
99 23.67 25.42 26 .77 28 .28 30.09 31 .5 0 33.40
'"
17. Hl 18 . 56 2 1.30 n .85 24 .02 26 .25 28 .21
'"
17 . 9 4 1 9 . 4 8 20.50 22 .07 23.85 25 .5 1 26 .7 1
102 21. 68 23 .25 25.04 27 .37 29.27 30.45 31.73
103 17.34 1 9 . 6 2 21 .34 24 .00 25.& 1 27.90 29.98
104 19 .48 22. 16 24 .36 26.70 28.78 39 .91 33. 42
105 18.41 19.72 21.34 23.311 24.7 4 26.87
'"
16.38 1 8 . 81 21.2 4 22 .86 2 4.35 26.27 27 .3 0
107 21.69 22 .92 24 .83 27.36
108 18 . 78 19 .98 21. 46 23.29 27.17 28.50 29 .85
'"
18 .17 1 9 . 81 22 .29 24 .57 26. 12 27 .90 29 .56
" '
n . 91 1 9. 14 21.83 23.87 25 .40 27.30 28.54
I II 17 . 6 9 19 . 5 2 21. 47 22.93 24.06 26.03 28 .78
ll 2 17 . 07 1 8 .17 19 .13 21.81 23. 16 24.5 0 25 .94
ll 3 18 .97 20.3 0 21.88 24 .23 26.40 27 .94 29 .7 1
ll4 19 . 7 1 22 . 35 24.66 27.24 29.36 31 .68 33 . 14
ll 5 18 . 6 4 1 9 . 2 8 20.83 22.06 23 .20 25 .97 28 . 49
116 16 .54 1 8. 5 2 20 .76 22.73
ll7 18 .32 1 9. 9 9 22.00 23 .44 24.8" 26 .9 9 29.4 0
11 8 16.20 18 .20 19 .96 21.69 23 . 41 24 .79 27.42
119 17.65 1 9 .0 8 21 .31 23 .67 25. 1'1 26 .86
1 2 '
1 21
12 2 18. 3 4
123
12 4 18 .9 0 21.80
12 5 16. 5 5 1 8 .55 20 .5 3 22.711 24 . 90
12 ' 19 .811 21 .05 22 . 67 27.511 29 .7 4 32 .85 34 .14





11 12 13 14
- - - - - --- - - --- - - - --- - - - - - - - -- - - --- --- ------- - -------- ----
cycle
126 1 8 . 33 2".07 21.57 23 .14 24.85 27. 30 29. 76
129 16 . 14 17. 97 19 .73 21 .45 23.94 25.88 27 .56
13 . 18. 96 21'.23 21.47 23 .87 24.95 26 .86 28.83
131 19 . 2" 21'.97 22 .68 23 .68 26 . 16 28 .21
132 19 . 25 21.lB 22 .57 23 .94 26.39 29 .14
133 18 . 86 20.44 22. 62 24 .77 26.92 28 .57 30.il2
134 17. 64 19.05 21.24 23 . 10 24.72 27.2 1 28 .55
135 19 . 25 21."8 22 . 71 25 .57 27 .28 29.38 30 .4"
136 15.35 17 . 51 20.n 22 . 91 24 .34 27.46 28 .56
137 17 .6 1 19 . 54 20 .99 22.55 23 .55 26.94 30 .2"
136 17 .74 19 .3 4 20.00 22 . 35 23 . 80 25.69 26. 94
139 17 . 39 19 . 49 21.59 24 .60 26. 10 27.64 aa.aa
1" 16.50 18 .7" 20.27 21. 83 24.24 26. 04 28.25
14 1 19 . 42 21."6 22 .14 23 .77 25 .8 4 27 .26
142 18 . 91 22. 10 23 .49 24 .94 3" . 14
14 3 18. 7'1 20.31 22 .25 23 .65 25 .00 27 .31 29 .3 1
144 17 . 17 18 . 87 20 .25
145 1 8. 50 20.05 21.53 22. 70 24 . 19 25 .4 5 27.43
146 15.49 17. 05 18 . 60 21 .46 22 .37 23 . 67 26 .52
147 1 8 . 06 19.87 21 .50 23 .87 25 .52 26 .92 28 .12
146 16.84 18. 25 19.73 21.47 22 . 73 24.13 25 .7f.
149 19 .7 4 21. 73 23 .54 24. 86 27. 17 28 .64 29 .87
150 17.64 19. 48 21.24 23.54 26.89 28.22 29.67
151 16 . 85 17 . 8 8 19.96 21.52 23. 11 24. 47 25 .95
152 17 . 89 19 .3 5 20 .85 22 .58 23 .88 25 .37 28 .n
153 1 8 . 91 20 .41 21 .6 1 23. 19 25 .27 26 . 64 28 .9 4
154 1 8. 27 19 . 27 20 . 38 22. 19 23.91 25.7 0 28 . 11
155 17 . 01 18 . 90 20.52 22 .28 23.56 25 .53 26 .91
156
157
156 19 .92 21.40
159 2 0. 06
16. 16.70 18. 44 20.52
161 17.28 19 .9~ 21 .96 23.20 25 .85 29.22 31.84
162 18 . 16 20 .3 0 22.48 24.50 26 .6 1 28 . 52 30 .73
163 1 9 . 04 21.27 23.40 25 .20 27.75 29.87 31.99
164 18 . 24 20 .3 1 22.61 24.34 26. "6 27.86 3" .2 1
165 1 8 . 42 l!. . 4" 22.30 24.115 25.30 2 6 .64 28 .6 6
166 19 .8 7 23.38 25. 29 27.16 28.68 30.29 31. 94
167 1 9 . 20 21 .93 23.61 25.60 27 .08 28.07 31.:17
166 17. 62 19. 21 20.98 24 .35 25.82 28. 91 31. 14
169 1 8 . 35 19 . 87 21. 27 22. 65 24 . 14 25.7 9 28 .27
17. 17 .7 4 19 .83 22. 19 26 . 75 29 .00 31.54
171 1 8 . 67 20 .12 22. 60 24.21 25 . 53 27.44 29. 85
17' 21.59 23 .72 25.65 29.03 33 .72 35 .54 37 .2 "
173 22. 4A. 24 .52 27 . 43 29 . 94 31.69 33. 18 25 .96
174 16 • . 1 18 . 55 19. 97 22.45 24.22 26 . "6 2 9.16
175 19 . 34 20 .89 22.213
449
- 3 . 9\
vehi c l e 10 11 1 2 1 3 14
-------- ------- ------------- ------------ ------ -- --- -- ---
cycle
17 . 18 . 59 28 . 19 22 . 24
177
17 8 18.71 21 .22 22 . 48 24. 97 27 . 47 29 . 0 1 38. 95
17' 16 .71 1 9. 25 21 . 20 22 . 42 23.81 25 . 63 29. 55
188 1 5 .9 6 18 .24 29.24 22. 18 27 . 71 29 . 7 6
181 18 .35 28 . 82 21. 94 23 . 49 25 .97 28 .93 39.67
1 82 17 . 42 19 .81 22 .8 8 23 . 65 24.99 26 . 86 27. 85
18 3 18 .34 19.93 21 . 89 23 . 11 25. 2 4 26 .6 3 28 . 84
18 . 17 .8 6 19 . 80 22 .5 2 24 . 22 26.8 4 32 . 37 35 .68
185 18 . 51 28 . 74 22 .6 2 25 .80 27.60 38 . 88 3 2.87
1 8. 28. 84 24 .81 26 . 14 28.34 31. 62 34 .61 35. 59
187 19.59 20 . 87 22 .44 25 .80 27 .44 38 .83 31.95
1 88 17 . 79 19 . 67 21.37 23 .U 24 . 57 25.95 28 .01
18' 19. 34 2"'.6 4 23 .50 26 .03 28 .17 29 . 74 32.74
190 20.45 22 .5 5 25 .7 0 28 .,n 29 .68 3B.7I'l 32 .35
1'1 17 . 56 20 .86 23 . 10 25 .93 27 .95 29 .86 3 2 . 27
1 ' 2
193
194 18.98 21.05 22.86 24 . 17 26 .67 29 .02 3 1 .2 8
195 19 . 7 8
196 17 . 97 19.49 21.47 24.27 26 . 05
1'7 17 .87 19 .86 22 . 79 25. 02 26.37 27 . 87 3 0 .87
1.8 1 6 . 27 17 .4 6 19.17 21 .06 23 . 20 24.31 26. 61
199 16. 55 17.90 1 9. 17 21 .04 22.26 23. 51 25 .68
2" 16.71
281 17 . 86 19 . 98 21. 52 22 . 87 25. 70 28.35
20 2 16. 39 17. 38 18.83 21. 24 23 .54 25. 18 2 8 .47
2 93 17 . 82 1 9 .54 22.89 24 .50 26 . 7 1 28. 17 29 .87
204 21.25 23 . 65 26 . 42
205 16 .99 lB .3 1 20 . 96 21. 9 4 23 . 32 25.8 4 27. 94
28 . 20 .72 21 .94 24 . 78 28 . 44 38.52 3 2. 58 34 .14
2' 7 17 .89 29 .84 21.62 24 .32 26 . 85 28. 34 29 . 99
2' 8 19 .9 3 29.36 21.68
209 17 .1 9
210 17 .67 19 .9 2 21.27 23. 41 25 .5 1 27 . 51 2 9 .n
211 16 .87 18.40 28 . 03 21. 47 23 .88 24 .57 2(; .~5
212 16 . 74 19 .04 22 .38 24 . 27 26 . 50 2 9 . 27
213 16 . 31 17.21 28.17 21.83 23 . 90 25 .89 28 . 31
214 18 .05 19.84 21.40 22 . 49 23 .61 25 .84 27.31
215 17 .07 18 .85 28 .24 21.5 4 24 . 48 26 .01 27.44
21. 16 .28 17. 98 21.00 22 .72 24 . 11 26. 12 27.58
217 15. 90 17 .82 19.67 21 .0 4 23 .33
21 8 16 . 64 18.89 20 .26 21 .8 0 23 .2 4 24.7 0 26 . 47
21. 18 . 35 19.65 21. 41
22. 19. 72
221
222 22 . 85
223 1 8.22
.58
- 3 . 0%
vehicle 10 11 12 13 14
------- ------ ---- ------ --- ------------- --- --------------
cycle
224
225 18 .16 19 .39 21.07 22 .90
226 20.87 22.45 24.07 25 .51 28.30 29.73 30.96
227 19 .24 20 .61 21.61 23 .19 25 . 12 26.77 28 .72
228 19 .74 21.61 23.21 24 .60 26 .34 28 .82
229 17 .92 20 .~5 22. 13 23 .91 26.05 28.6~ 30.43
23. 17.24 18 .94 19 .97 21.07 22.74 24 .98 26 .4 1
231
232 16.51 18 .45 21.33 23.18 2 4 .90 26 .64 28 .15
233 18 . 53 21.07 24.47 25.65
23. 16.26 18.77 29.70
235 17.17 18.56 29 .14 21.84 25 .39 27 .88 31.38
236 19.54 23. 16 24.67 25 .90 27 .10 29 .09 31.51
237 19 .79 22 .lJl
23.
239 22 .71 24.28 27 .98 29.97 31.65 34.68 37.91
24. 11.2 4
241 11.91 28.51 23 .67
242 14 .55 16. 7 6
243 16 . 64 18. 31 28 .50 22 .02
24. 16. 65 19. 1 2 20 .34 22.60
245 16. 06 17 .54 18 .72 19.91 21.86 23.70 26 .37
246 16.27 17 .74 19.32 20 .97 23 .18 25.63 26.92
247 17.25 18 . 47 19.87 21.71 26.28 28. 44 30 .97
248 18.79 21.44 22 .44 23.88 25.58 27 . 74
249 11. 99
----------------- --- -- ---------- -- ---- -------------- ----
vehicle 1. 11 12 13 1.
------- - ---- ----------------- ------------- - - --- - ----- ---
no. of
cycles 225 213 2•• 19. 182 167 152
mean
elapsed 18 .38 20 . 19 22.03 23 .83 25 .82 27. 65 29.48
time
- 3. '"
vehicle 15 16 17 18 rs
"
21










v ehi c l e 15 16 17 18 19
"
21
-------- ---------------------------- --- -- ---- -----------
cy cle
8 30.33 32.28 33.76 34.87 36 .40 38.81 40 .68
9 32 .63 33. 84 35.44 37.34 42.69 45 .63 47 .94
10 33.16 35.00 36.80 37. 85 39 .70 41 .18 42 .69
11
12 26 .75 29 .00 30.11 33.09 35 . 27 38.97 40.44
13 34.14 35.47 37.60 40 .04 41.37 45 . 18 47.36
14 31 .51iJ 33.33 35.96 39 .07 411 .91 43.45 45.24
15
1.




21 36 .29 39 .1:111 41.06 42.83 44 .92 47.15 49.S0
22
23
24 35.21 37.67 39 .30 42.40 45 .34
25 31.67 33.47 35 .40 36 .14 38 .10 39 .95 41 .65
2. 33.36 35 .31 37.17 39. 28 40 .97 42 .13 43 .89
27 30.Sl 31. 7 8 34.37 35 .97 38 .00 39.87 42.94
28 34 .30
29 28.30
"31 30.40 32 .54 35.31 37.17 39 .89 42 .14 44.62
32 32 .46 34 .54 36 .22 38.72 41.38 43.87 46.46
33 32.32 34 .57 37 .12 39 .32 41. 19 43.60 46.21
34 33 .80 35.18 37.01 39.27 40 .60 42 .20 43 .!:i4
35
3. 35 .73 37 . 50 40 .27 41.68 43 .61 46.33 48.46
37 33 .35 35 .97 37.88 48 .22 42.93 44 .84 46.72
38 32 .80 33 .86 36.84 38 .57 41 .37 43.21 45 .64













53 27 . 47 29 .15 30.88 32 .55 34.04 36 .29 36.24
54 2~ . 41 3 0 .97 32.39 34.27 36 . 99 38 .40 4B.81
55 29 .85 31.26 33 .54 35.20 36 .50 37.94 39 .71
452
- 3 . 0\
ve hicle 15 16 17 18 1 9 2. 21
--------- --- -- --_._._------- --- ------ -------------------
cycle
56 33 .1 0
57 29 .8 0 32 .07 34. 68 37 .21 40 . 47 43 .35 46 . 29
58 31.32
59 29.97 3 9.86 33 .24 34 . 08 36 .64 38. 37 41.65
6.
61 28 .3 4 29.65
62 27.88 29 .9 4 31. 47 33.41
63
64 33 . 46





7 . 30.75 32.9 4 34.63
71 31. 88 33. 53 34.72 37 . 27 39 .07 41.09
72 28 .72
73 25.90 27 .20 29 .17 30. 41) 32 .02 33.24
74 29 . 50
75 27 .26 28. 57 29 .84 33.17 35 .97 38 .27 39 .75
76 32 . 1 34 . 3 36 . 08 37.42 38 .6 5 40 .5
77 31.59 32 .88 34 . ~17
78 31.31 33 .99 34 .85 37 .47 39 .18
79












92 29 .73 31.40 33.84 35.68 37. 94 4" .53 42.79
93
94 3" ."8 32.84 35.89
95 29 .82 31 . 13 32 . 55 34 . 54 36 .24 37.7 8 4'1. 38
96 36 .22 37 .93 4".22 42 . 34 45 .09 47 .40 49 .81
97 33. 14 35 .69 38 . 22
98 29 .76
99 34.95 37 .39
1• • 30 .1 7 33.84 35 . 54 37 . 09 38 .31 39 .90 41.57
101 27 .82 29. 29




vehicle 15 16 17 18
"
2. 21





28 .39 30 .61 33 .fil4
"7
'"
31.37 32 .70 34 .71 37 .74 39 . 55 41.22 42.94
'"
30 .90 32.62 34 .20 35.94 38 .6 0 40.34 41,45
11. 30 .85 32 .78
I II
112 27 .84 29.40 3 1.12 J:' . 64 35.35 37.67
113 31.64 33 .51 35 .92 37 .63 38.73 39 .83 41. 70
114 35.17 37.07 39.67 41.75 43.66 46 .29 48 .37
US 29.:18 32 .47 35 .5 1 37 .07 39 .34 41.24 43 .38






12' 37 . 70 39 . 37
127
128 32.07 33 .90 36 .12 39.30




133 31.51 33 .5 1 34 .85 36.86 38 .67 39.90 42 .56
134 3 1.16 32 .93 35 .07 38 . 18 40.30 41 . 93 43 .80
135 31.44 32 .89 34 .14 35 .22
13' 30.27 32 .22 33.64 36 . 19
137 33 .lH 34. 77 36.27 37. 76 39.61 41 .50 43 .33
138 28. 43 31,17 32 . 43 33 .74 35.01 37 .64






14 S 28 . 65 29 .64 31.73
146 27 . 67 29 .71 31 .57 34 . 30 35. 52 37.56 43 .6 4
147 29 .fi2 32 .20 34 .33 37 .49 39 .5 7 41.28 43 .45
148 27 .64 29 .9 4 31.88 33 .30 34.94
14' 31,73 33. 38 35.70 37.98 411l.01 41. 88 44 .04IS. 30 . 90 32 .61 34.39 36 .65 38 .34 41.9 4 44 . 06
151 27 .16 29 . 16 31.71 33 .30 35 .08 36.74 38 .24
454
- 3 . 0%
veh icle 1 5 1 6 1 7 i s rs 28 2 1




202 30 .49 31.78 34.81 36.05 37 . 79 4B.12 41 .92




207 31.70 3 3 ~ 73 35 .72 37.85 39 . 41 41.94 44.74
28.
20.
21 8 30 .68 32 .36 34 .52 35 .94 38. 50
211 28.80 30~54 32.87 34 .93 37 .17 38.20 40.49
212
213 30.38 32 .04 34 .50 35 . 75 37.32 39 .49 43 .20
214 29.79 31.19 31.03 34.32 36 . 11 37.7<1 40.30
215 29.11 30 .71 3':.21 35 .09 37. 11 38 .50 41.22
216 28.72 21.95 24 .98 37 . 13 38 .71 40 .52 42.14
21 7








226 33.05 34.91 36 .10 37 .87 38 .94 40.93 44 . 6 1
227 30 . 15 31.88 33.41 34 .73 36.34 38.72 40 .70
228
22. 32 .27 34 .62 36 .48 38.08 39 .61 42.83 44 .30
230 27.65 30~02 32.62 34.27 37. 14 38. 67 49. 44
23 1
232 31.28 31,j.0 1 35 .57
233
234
235 33.88 36 .54 38.61 40.0 0 41.36
236 33.72 35 .70 36 .84 38. 13 39 .82 41. 96 44.03
237
238






245 27 ~60 28 .97 30 .25 31.73 34.75 37 . 34 39 . 97
246
2 47 32.08 33 .78 36 .47 38 .2 13 39 .4 7 48 . 91 42 . 95
456
- 3. n
veh icle 15 16 17 18
"
28 21
-- ---- ---------- ------------- ------------------- --- -----
cycle
152 29.6 4 32 .95 34.50
153 30 .21 31.39 33 .99 36.36 37 .88 38 .49 4 9. 69
15. 29. 67 ~ \ .97 33 .6 4 35 .34 37.57 49.01 41.39







16 2 32.7 5 35 .3 3 37 . 33 39 .07 40 .84 42 .85 44 .10
1 63 35 .47 37 . 98 38 .78 41.08 43 . 84 45 .47 47 . 69
16' 32. 54 3 4 .8 3 37.11 39 .82 40 .49 42 . 1 9 45 . 7 8
16 5 29 .92 31.68 3 2 .8 9 36. 10 38.2 2 40 .12 41.45
166 33.89 36.73 3 9 . 14 41.34 44 . 15 46.65 4 8 . 46
167 33 . 24 3 4 . 96 36 .46 38.07 41.28 43.34 46 .0 0
1 68 32.99 34 . 61 37 . 86 39 . 40 41.31 43 .31 4 5 .10
1 6. 30 .27 3 2 .3 9 34 . 42 36 .0 7 37 .3 4 40 .34 41. 99
17.
171 ::: .99 33 .29 35 . 65 36.86 38 .35 39. 79 42 .39
172 38 .8 7
173 38.99 39 .7 6 43 . "1 44 .34 45 . 65




17 8 32 .64 35 .85 36 .54 37 . 66 39 . 36 41.2" 42 . 38
17 . 31.99 33.72 37 .8 7 38 .61 40 .7 4 42. 63 4 4. 53
188
18 1 32.99 35 .3 9 37 . 16 39 .21 41'.86 43 . 92 45. 75
1 82 29 .41 311.93 32 .38 33.94 35 .22 37 . 47 3 9 .7 0
1 83 3 0 . 24 32 .68 3 4.82 36 . 78
1 8. 37 . HI 39 . ''''
185 33 .35 35 . 43 37 .48
18 6 31 . 17 38 . 64 41 .40 42. 49 45 . 86
1 87 33 .7 0 35 .98 37 .67 39 .67 41.66 43 . 67 46 . 9 9
1 88 31. 14 32 . 68 34 . 17 35 .92 38. 14 39 .82
1 8' 3 4. 90 36 .47 37 . 85 39 .26 40. 61 43 . 21





33.37 35 . 29 36 .54 38 . 52 40 . 21
" 5
, . 6
197 33 .8 2 34.7 6 35.97 3 8 .44 40 . 82 42 . 55 4 5. 68
1 98 29.19
'" 455
- 3 . 0\
vehicle 15 16 17 18 19
"
21





v e hi c l e 15 16 17 18 19 2' 21
----------- --------- ---- ---------- ~------ ----- --------- -
no . of
c ycles 13 5 1 21 11 2 183 9' 85 78
mean
e lapsed 31.46 33 .31 36 .98 37 . 30 39 .34 41. 20 43. 62
time
- 3 . 0%
veh icle 22 23 24 25 2' 27 28





4 51 . 07 52 .26 54 .35 56. 14 59.33 61.02
5,
7, 42 . 74 44 .6 4 46 . 15 48 . 10 50.00 51.47
9 49. 76 51.44 52 . 7 0 54.95 56 .87 58 .49 59 .88
18 44 .0 7 46 . 14 49. 18 50 .21 53 . 00 54 . 18 56 .42
11
12 44 .61 46 .21 47 .86 50 .56 53."4 55 .27 57 .17
13 48 .8 1 5" .72 52.34 54 .28 56.81 59 .14
14 47.1 8 48. 81 50 .55 52 .07 53.58 55.57 57 .53
15








25 43 ..85 46.73 50 .60 51.67 53 .20 55 ..27 56 .87
2' 45.80 47. 3 4 49. 1" 50 .88 52 . 13 53.60 55 .44




31 47 . 47 50 .67 52 .97 54 .47 56.9" 59.15 6".56
45 7
- 3 . '1%
ve hicle 22 23 24 25 26 27 28
----- --- ------ -- ---------- ------ -------------- -- ------ --
c ycle
32 48.90 51.97 54.87 57 .02
33 47.69 51.16 52.83 54.20 55.46 56 .84 58.07
34 45.42 47.47 49.19 50.95 53. 10 54 .98 56.26
35
36 50.43 52 . 79 56 . 23 58.17 69 .3I'l
37 48. 35 51.44 53.34 54 .ge 57.93 6e .e7
3. 47 .35 49.e9 51 .94 53 .44 55 .76 59 .83














53 41.07 42.78 45 . 18 47 .30 48.80 51.43 52 . 89
54 43 .98 44.89 45 .74 47 .49 48. 94 59.82 52 .43
55 41.05 43.57 45.95 47.66 49.20 59.62 53 .1 5
56

























veh icle " 2 23 24 25 2' 27 28






























188 46 .06 47. 46 49 . 05 51. 02 53 .46 55 . 56 56 . 9 4
18 9 43 . 24 44 . 54 47 .32 49 .82 53.27 54 .78 56 . 17
"'111
112
11 3 42.6 2 44 . 33 47. 99 49 . 49
114 50 . 48 51 . 57 53.99 56.87 58.57 60 .21













- 3 . '"
vehicle 22 23 24 25 26 27 28







133 44.19 45.96 47.51 48.87 51.39 53 .88 55 .40












146 45 .16 47.07 48 .39 49 .07 51.23 53 .74 56 .04
147 44.95 46.35 48.32 50.33 52 . 1 3 53 . 6 8 56 .20
148
149 45 .98 47 .85 49 .1 5 51. 66 53. 4 4 54 .65 55 . 92
150 46."" 47.45
151 40 ."9 42 ."" 43 .72 45 .17 46.94 48.28 50.Ie
152
153 44 .57 47.19 49.91 51.85 54.84 57.27 58 .75
154 43 ."" 44 .61 46 .06 47.85 49 .54 5" .47 51.67







162 45 .47 47 .32
163 49 .14 50.75 52 .46 54 .25 56 . 9 9
164 47.85 49 ..64 51.66 53 .71 56 .54 58 .22
It;'5 42. 84 44.84 47 . 20 49 .58 52 .30
166 5".85 53 .57 56.74 58 .8"
167 47 .38 48 .69 52.53 56.1lI4 58 .87 6 ". 7"
168 47 .29 49.49 5".61 52 .09 53 .79 55 .59 58 .53













17 8 43 .93 46. 24 48.26 51.56 54 . 55 57 .9 3 58 .49
17 9 46 .49 47.56 49.67 51. 38
160
181 47.80 49 .37 51.12 54 .46 56 . 98 59 . 2 4





























213 45 .32 47 . 57 49 .39 52.14 54 . 20 56.48 58.42
214 43.86 45.12 46 .99
215 42 .36 44 .67 46. 04 48.23 49 .0 4 52 . 56









- 3 . 0%




226 46 .02 47 . 49 49.94 51. 19 52.81 54 .88
227 42 . 52 44.00 46 . 7 3 48.64 59.47 52 .48 55 .95
2 28
229 45 . 91 47.59 59 .46 51.97 53 .52 56.7 4


























































vehic l e 2'
"
31 32 33 co unt
---------- -- ----------- -------------------
cyc l e
• 27, 2B
1. 56 . 48 69.87 30
11 14
1 2 59.31 61 . 17 30
13 27
I . 59 .37 611.69 30










25 58 .8 6 69.54 30







33 59 .39 29
















53 54 .09 55 .88 57 . 46 59.27 32
54 54 .114 56 .10 59.76 31
5 5 54 . 6B 55 .9 7 57 . 49 58 .94 32
463
- 3. 0\

























































































veh icle 29 3. 31 32 33 coun t
c ycleI.',.5I.',.7
10 8 58. 47





































14 6 58 .96 60.78
147 57 .91 60. 12
148
149 57 .34 58. 87 69.3 9
1 5.














































- 3 . n
veh i cle 2'
"
Jl 32 33 count
---- --- ---- ------ ------ ------- . ----- --- -- -
cycle
1 5 2 17
15 3 60 . 46 2 '
1 54 54 . 92 56. 71 58 . 36 3 1




1 59 •16' 18
16 1 14







60 . 64 29
1 69 59.79 29
17' 13
17 1 21






1 7 9 25
1 88 13
1 81 27
1 8 2 26
1 8 3 18
18 4 16









































































































































Adjustment of heavy ve hicle headways
Th i s Appp.ndix co ntains a n exa mple o f t he c e Lc u Le c Ion a used to
compute the passenge r car equ ivalencies of heavy vehicles .
469
As noted in t he text, the Transpo~t and Road Research
Labo ratory method o f ca lcula t i ng passenge r ca r equivalen ts o f
truck s use s the formula :
scu '" (Hc - Havg + fit) / Havg
whe re He i s t he headway o f t:he veh icle prec eding t he
s lower moving veh icle
Havg i s t he a verage headway fo r vehic l es in the
posi tion i n the q ueue of the prec ed ing car
Ht is t h e he ad way o f the s lower vE::i"" l e .
Followi ng is a n example of the calcula tion s used t o
comp ute the passenger car equivalen cies of he avy vehicles .
For a gr aphi ca l r ep resentat ion o f t he t erms us ed i n t he a bove















Th i s Appendix contains the database of headways that -e su Lt ed
from the manipulation and adjustment of t he dat a bas e of




veh i c l e
1 4 .33 1.57 3.06 2 .97 1.84 1 ~ 2 5 2 .2 1
2 1.12 2 .05 2.90 2.35 1.53 1. 80 3.11
3 1.56 1. 55 1. 19 1.74 2 . 14 2.10 2 .35
4 1.88 1.7 8 1. 9 4 1. 81 1.88 S .2S 1 .9 1
5 1. 55 1. 97 1.71 1.11 2 .22 2 ~ 02 2.21
s 1.24 1. 06 1.24 1.45 1.92 2 .59
7 1.77 1.11 3. 54 1. 53 2.36 1.27
8 1.16 2.06 2.06 1.34 1. 82 1.88
9 2. 39 1.40 2.12 1. 19 2 .03 1.55
10 1. 33 2.26 1.99
11 1 . 76 1. 69













cyc le 10 11 1 2 1 3 14
--------------------------------------------------------
veh icle
1 1.98 1.42 1. 43 2. 16 2.04 1.68 1.23
2 2.85 1.69 2.59 1.60 1.84 1.85 1.22
3 1.93 1.36 2.70 2 .33 1. 44 1. 3 1(1 1. 06
4 1.17 L SI' 1. 67 2 .6 1 1. 16 1.50 2 .2 8
5 2. 15 2.13 1. 39 1. 30 1. 65 1.39 1.69
6 1. 34 LSI' 2.44 2.18 3 .9 7 1. 2'1 1.119
7 1. 54 1.48 1.24 2.13 1. 64 1.76 1.69
8 1.24 2 .48 1 .32 2. 13 1. 87 1. 4 9 1.69
9 1. 65 1.29 1.47 1.77 1.73 1.38 1. 49
10 1.63 2.25 3.21 1.72 1. 83 1. 01 1.71
11 1.41 1 .67 1.29 1. 49 2 .91 2.03 2 .23
12 1.77 2.53 1.46 2.4 1 1.57 1.65 1.77
13 2 .73 2.04 1. 97 1.93 1.89 2 .1:12
14 1. 7 [1 1. 22 2 .69 2.02
15 1.57 1.55 0 .98
16 1.58














1 2 . 91 1.41 1.48 1.20 2.47 2 . 37 2 .72
2 1. 55 1.30 2 . 88 2 .31 1.90 1. 59 1.34
3 1. 54 1.61 1. 8 4 1.85 3 .3 2 1. 31 1.12
4 2.14 1.93 1 .95 1. 81 2 . 38 1.62 1.76
5 0 . 88 1.51 2 .91 1.29 1.22 1.12 1.37
s 2 .3 6 1.52 1.24 1.64 1.63 1.90 3.89
7 1.23 2.05 1.75 1.28 1.47 2. 16 2 .19, 1. 83 L86 1.61 2. 16 1.52 1.09
9 2.09 1.03 1. 3 0 1.21 2 .3 7 1.32
10 2.59 1.57 1. 9 3 1.37 1. 77 1.37
11 1.47 2 . 50 1.10 2 .U 2 . 4" 1. 29
12 1. 72 1.15 2.37 1.49 2 .14 1.97
13 1. 46 1 .60 1.71 1 .29 1.51'
14 2 . 35 {l. 9 8 1.7 6
15 1 . 2 0
1 . 1. 4 5











cycle 22 23 24 25 2' 27 28
---- -- ------------ ------ -------------- ------------- ----- --
vehic le
1 2 .08 1.88 2 . 10 1. 69 2 .32 1.72 3 .84
2 1.44 1. 39 2 .6 11 2.84 1.86 1. 48 1.27
3 2 .35 1.7 9 1 . 7 6 1 . 88 1. 53 1. 77 1.69
4 2. 26 1. 44 1. 1 3 1.21 1.92 1. 82 1.54
5 3 .86 1. 24 1. 94 2 .02 1. 93 1 . 69 1.70
6 1. 3 8 2. 12 1. 77 1. 29 2 .11 1. 64 1. 36
7 1.45 1.20 1. 30 1. 36 1.19 1. 34 1.44
8 1. 5 5 2.42 1. 7 11 1.27 1.34 loll 1.68
9 1.56 1 . 75 3 .26 1. 45 1.35 1. 39 1. 30
1 . 1.49 1 .4 6 2.74 1. 24 1. 84 1.97 2 .80
11 2. 11 3.37 1. 40 2 . 22 1.43 2 . 10 1. 98
12 1. 57 2.90 3. 10 1. 54 1.28 1. 68 1. 82
13 1.30 1. 16 2 . 19 1.43 1. 69
14 1.75 1. 62 2 .05 2 . 12









15 1 2 1 2
47 5




30 31 32 3 3 34 35
vehicle
1 1.14 2.47 1.64 1.18 2 . 3 3 1. 63 2.03
2 1.38 2 . 16 1 . 28 1.18 2 . 15 1.24 1.25
J 2 .1l9 1. 45 1 . 54 1.7 8 1.75 1.40 2 .35
4 2.69 2 .5 5 1.30 1.96 Ll5 2 . 98 1.7 6
5 2 .2 1 2 . 13 1 .71 1.77 1 .32 1. 24 1.41
s 1.88 1.7 5 1.89 3 . 01 1. 36 9 .97
7 1.39 1 . 88 2. 99 1. 65 1 . 37 1.54
8 2 . 16 2 .5 4 2 .2 3 1. 02
9 1.93 2 . 45 2. 39 2. 3 2
"
1.7 2 2 . 1l7 1. 27
11 1. 58

















1 1.33 2 .40 2 .65 1.35 2 .27 1.91 1.88
2 1 .79 1. 65 1.88 2. 12 1. 04 2. 16 2 .75
3 2.95 1.36 2.23 1.89 1. 7 9 1.09 1. 94
4 1.1 8 2 . 14 2 .50 2 .41 1. 44 1.97 1.26
5 1.52 1.52 1.15 1.89 1. 26 2 . 77 1.92
6 1.70 1. 83 1.74 1.46 2 .03 1. 94 1.56
7 2 .1 2 1.1 8 1.66 2.20 1 .58 1.91
8 2 .21'1 1. 73 1.72 2 .62 1 .7 5 1.22
9 3.28 1. 25 2.52 1.88 1. 70 1. 21
"
2.81 3.25 2 .62
11 1. 47 1. 52
12 1. 2 0 0 .59












------- --------------- -- -- ---- ------ ----------- -- --- --- - -
+7 . 2 \
cyc le 42 43 44 45 46 47 48
-------------- ----------- ---- ------- ----- ----------- ------
ve hicle
1 1. 88 1.90 3.23 1. 92 2.04 1.98 3 . 4 0
2 2 .75 2 . 77 2.25 2 .36 2.07 1.99 1.46
3 1.94 1. 93 3 . 44 1.31 1.21 1. 88 2 .41
4 1. 26 1.34 1.94 1. 24 1.48 1. 41 3 .07
5 1. 92 1. 51 1. 19 1. 65 1. 65 1. 42 1.52
• 1.56 1 .25 1.27 1. 35 loll 1. 85 1.307 1. 91 1.23 1.73 0.82 1. 55 1. 39 1.3 2
8 1. 22 1.7 9 2.26 1. 84 1.17 1.3 8
9 1. 21 1. 47 1.72 1. 41 1. 32 2 .94
10 2.62 1.71 lo BI 1.37 1. 25 2.2 3
11 1. 52 1 .33 1. 47 1.83 2. 16 1.13
12 0.5 9 1. 27 1. 27 1. 21 2.35 1.14
13 1. 34 2 . 52 1. 54 2 .52 2 . 18 2 . 64
1 4 1. 68 1. 26 2.52 1. 87 1.47 1.22
15 0.99 1. 34 2 .50 1.47
rs 1. 87 1. 47











50 5 1 52 53 54 55
---------------~---------------- - ------ -------------- --- --
v eh ic l e
1 2. 38 2 .65 1. 75 2 .12 1. 73 2.41 1. 22
2 1.5 8 1.22 1 . 27 2 .11' 1. 15 3 . 27 2. 43
3 2 .76 l.B4 1 . 3 2 2.37 3.B6 1 . 213 1.96
4 1. 36 l.B4 4. 24 1.2 4 2.8 1'1 1.5 2 2 .45
5 1.91' 1'. 96 1. 54 1.99 1.17 1. 47 1.77
e 1.2 1' 1. 37 3 . 1 8 1.21 1. 34 1.52 1. 43
7 1. 91' 1.73 1. 39 1.73 2.15 1. 26 1.9 8
8 1.54 1. 7 3 2.91 1.1'8 1. 37 1. 58 2 .2 9
9 2.aB 1.43 1.59 1.51 1 . 55 2. 11 1.8 3,. 1 . 72 1.39 1.71 1. 36 13.84 2.33 3 .41
11 1. 87 2 .37 1.95 3. 1'7 1.93 2 .211 2 . 12
12 1.79 1.31' 1.2 6 1.34 1. 35 1.01
13 1. 36 1.44 2 .88 1.36 1.7 1' 1.3 8
14 1.52 1. 31' 1. 41 1.17





- - --- ------ - ------- - - -- - ------------ - - ---- --------- - ----- -
no . of
cars per 1 5 11 1 5 1 5 1 5 II 1 3
cycle
479
----- ------ ------------------- -------- - ---------- -- -------
+7 . 2\
c yc l e 56 51 5 8 5' 68 61 62
--------------------- ---- - - - - ---- - - --------- - --------
ve h i c l e
1 1. 60 2 . 57 2.88 1.73 1 . 59 1. 96 1. 56
2 1.71 1. 31l 1 .61l 1.48 lo BI 1. 29 1. 86
3 1.35 2 .6 6 1.37 1.43 lo Be 1.36 1.e 6
• 1.4 9 1. 88 1.98 3. 56 2. 13 2 .67 1.855 1 .8 6 1 . 13 1 . 26 1. 38 2 . 1 11 1. 69 1.95
6 1.06 2 .17 1 . 17 1. 56 1 . 90 2 .91 1. 38
1 2 . 52 2 . 28 2 .53 1. 29 1. 16 1 . 68 1 . 47
8 1.41 1. 90 1. 5 9 1. 29 1. 87 1. 46 1. 31
• 2 . 11 1. 50 1.96 1. 28 2. 10 2.35 1. 6710 1. 94 1. 64 2 .5 2 1. 5. 1. 43 2.0 8 1. 22
11 1. 39 2 . 71 1. 7 9 1.37 1. 90 1. 51 1.17
1 2 1. 91 3.21 2 . 23 1. 28 1. 10 1. 63
1 3 1. 28 1.23 1. 83 1.69 1. 35 1. 7 8
14 1 . 64 2.29 2 .33 1. 20 1. 82 1. 39
1 5 1. 19 1 . 24 1. 99 1. 82
16 1. 64 1.35
11 1.42 1. 29
1 8
,.
- ---- ------- ----- --- - - --- - ---- - - - - --- ------ --- -
no . of





c yc le 63 6 ' 6 ' 66 67 6 ' 6'
- -- ----------------------------------------------------
ve h i c l e
1 2 .U 1. 44 1.48 1 .(16 2. 48 2 . 37 1.41
2 2 .99 2 .93 1. 46 1. 96 1. 49 2 . 52 1. 47
3 1. 35 1. 32 1.66 1.98 1.37 2 . 67 1 .93, 1. 35 1.45 2 .5 3 1. 81 1. 56 1. 97 1.63
s 1.19 2 . 39 1.56 1.62 1. 1 8 2 . 41 1.56
• 1. 63 1. 99 1. 48 2 . 37 1.71 2.23 1. 917 2 .19 1. 48 2 .6 1 2 . 7 0 1.2 2 1. 24 1.43, 3 .21 1. 69 1.84 1. 40 ). In 1. 86 1. 0 3, L IS 1. 28 1. 65 1. 56 2 . 52 2 . 55 1 . 6 4
18 1 . 64 1. 52 2 . 49 1 . 2 9 1. 61 1. 06
11 1 . 45 1. 50 1. 50 1.36 1. 57 1. 23
12 2 .99 1.24 1.92 2 . 1 0 1. 4 2 1. 1 9
13 1. 91 9 .9 9 1. 27 1. 91 2 .25
14 1. 50 1. 81 1.17 2. 13
15 1.7 6 1. 59 2 . 21 1. 5{1










1 3 12 15
+7 .2\
cycle 7. 71 72 73 74 75 76
veh icle
1 1.63 2.47 1.84 1.97 1.67 1.92 8 .30
2 0.73 1.47 2 .60 2.71 1.46 1,45 2 .9 1
3 2.07 1.10 2.28 1. 17 1.38 1.36 2 . 24
4 1.96 1.513 2.03 1.62 2 . 74 1.09 1 . 82
5 1.33 1.43 lo SS 1. 81 0 .62 2.30 1 .13
6 1.81 1. 711 1. 95 1.51 2 .04 3.17 2 . 16
7 1.7 2 1.33 2 . 61 1 . 99 3. 13 2 . 28
8 1. 69 1.47 2 .23 1, 47 1 . 39
9 1 . 88 1.43 2 .06 1.110 1.49
1 . 1.60 1.34 2. 0 6
11 2 .04 1.33 1.02
1 2 1.25 1.27
1 3 1. 65 1. 65













cyc le 77 7. 79 aa ai . 2 .3
----------------------------------------------------------
veh icle
1 2 .7 3 2.a3 2 .7 a 2.56 1. 43 4 . 02 2.76
2 L I B 1. 56 2. 08 2 .5 4 2.6 1 2.33 1. 73
3 2 . 40 2 . 98 1. 97 1.83 1.5 0 1. 77 2. 45
4 1. B6 0 .96 1.70 2 . 7 4 1 . 86 1.0 3 1. 4 1;:t
5 2 .51 5.47 1.71 1.16 2 .71 1.41 0 .93
s 1. 31 1. 40 2.74 2.3 5 1. 52 2. 0 3 3.36
7 1. 51 3 .49 1.59 2.3 9 2 .34 1.75 1. 75
8 1. B6 1. 93 2 . 9a 2.29 2 .B5 2. 41 1. 7 9, 2 .02 1.53 2 .80 0.89 1.2 0 1. 40 2 .89
"
2 .51 1.9 2 1 . 94 1.77 2 .51 1.B3
11 1.17 1.56 2.59 1. 7 8 1. 62
1 2 2 . 19 1. 7 8 2.95 2.32
1 3 1. 51 1.42 11 .67 1.99





_ _ _ _ ___ _ ___ ___ _ _ _ ___ _ __ _ _ __ _ __ _ _ _ ___ __ _ _ _ _ ___ _ w _ _ _ __ _ w w __ _
no. of






cycle 84 85 8. 87 88 89 9'
---- ------------------- ----------- ----- --- ----- ----- ---- --
veh i c le
1 2 .83 1.86 1. 20 3 .29 2 .56 1. 39 3 .37
2 2 .02 1. 35 1.66 1.30 1.69 3.48 1.7 8
3 1.32 1.45 2 .47 1. 19 1.61 1. 80 2.01'
4 3 .51 1.95 2 .08 1 . 7 8 1.H 2 .27 2 .88
5 2 .07 1. 42 1.12 2 .23 2 . 37 1. 78 1. 29
s 1.21 2 .7 4 3.46 1.27 2.01:1 1. 91 2.76
7 1.24 1. 52 1. 47 1.68 1. 33 2 .00 1.77
8 1.06 1. 6 9 1.19 1.92 1. 48 2 . 22 2 .44
9 1.81 2.04 4 .95 2 .17 1.47 1:1 . 84 2 .17
I. 1.39 2.53 1. 20 1.41 3. 87 1. 67 2 .45
11 1. 32 2. 02 1. 44 2 .5 1 2 .52 2 .37 2 . 19
12 1.43 2 . 17 2.97 2 .7 5 1.75 1 . 41
13 1. 90 0 . 09 1. 94 2 .14 1.74





-- -- --- --------------- ----- -- - ._--------------------------
no. of
cars per 13 11 1 3 15 13 14 12
cyc le
484
_ _____ R _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ __ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _
+7.2\
cyc le 91 92 93 94 95 9' 97
- - - - - --- ---- - - - - - - - - - -- - - - - ----- - - -------- - --- - - - - -- - --- - -
vehic le
1 1.94 1.22 1. 43 1. 87 1. 88 1. 48 1. 90
2 1.34 2.74 1. 77 1.0 4 1. 6 9 3 .74 1. 25
3 2 .0 4 2 . 13 1.6 0 1.63 2 .41 2 .7 6 1.34
4 3.39 3 . 29 1.7 8 2 ..30 1. 87 1. 20 1. 93
5 1.66 1.7 0 1.28 1. 8'1 1.88 1. 23 2.25
6 1. 35 0 ..63 1.9 4 1.27 1. 79 2 . 43 2 . 78
7 1. 42 1. 91 1. 37 2. 04 2 ..56 1. 55 1. 28
8 1.98 2 ..27 1. 40 1. 09 1. 57 2 . 11 1. 39
9 1. 51 1. 27 2 .33 1.35 2.08 3 .2 1 1. 53
"
1. 83 1. 61 1 . 71 1.50 2. 5 3 1.93 1. 67
11 2. 41 1.71 2 .19 1.93 2 .59 1.78 1. 48
12 1. 32 1.6 4 1. 03 1. 38 2 .05 1.7 9
13 2 . 31 1. 52 1.11 1. 44 1. 59
14 1. 28 1.3 2 1.7 9 1. 06 2 ..36









15 15 1 6
48 5
1 5 1 2 14 11
-----------------------------------------------------
+7 . 2\
c yc l e .8 •• 188 1 01 102 103 104
- -----------------------------------------------------
ve hicle
1 2 . 19 2 . 94 2 . 91 1.58 2 . 31 2 . 17 1.43
2 1.25 1. 28 1.55 1. 86 1.44 2 .22 1.72
3 2 .3 6 2 . 40 2 .17 1.41 2 ."9 2 .12 1.95
4 2 .23 2 . 59 3.01 1.48 1.. 39 2 .2 e 2 .16
5 2. 29 2 .64 1 .19 2.83 2 .95 1. 58 1.88
• 2.21 1.67 1 .67 2 ..4 2 1. 92 1.92 1.657 1. 27 2 . 26 2 ..27 2 . 16 1.66 1.82 2 . Be
8 2.11 2 .27 1.89 1. 67 1.7 4 1.46 1.91
• 1 .72 1.14 1.68 1.46 2 .48 2 .82 1.6418 1. 4 4 1. 43 1.61 1. 99 2.27 1.31 1. 48
11 2. 29 1. 97 1. 7 9 1.61 2 . 74 2 ..45 1.78
12 2 .B4 1.64 1. B2 2 .62 2 .58 1.89 1.94
33 11 .42 1. 43 1.62 1. 39 1.45 2 .B9
14 2 .57 1.e9 2.91 1. 49 1.93













cyc le 185 1 " 107 1 . ' 1.' 11. 111
---------------------- - -- --- ------- -- --- - -- - ~ -------- - - - --
vehic le
1 2. 34 2 .16 2.132 2 .89 2.55 1.97 1.97
2 1. 82 1.413 3 . 11 1.2 8 2.29 2 .83 1,88
3 2. 07 1. 72 1.64 1, 71 1. 63 1. 6 3 1,98
4 1,86 1.90 2 . 0 4 2 .6 4 1.85 2 .35 1,94
5 1, 27 1.46 2.69 1.29 1.66 2.90 1.64
6 1, 76 1.51 1 .99 1. 60 2 .9 8 3. 24 2 .20
7 1, 56 1.10 1,7 9 1. 50 1. 38 2 .36 9 .90, 1,58 2.26 1. 15 2 .38 1. 62
9 1, 89 1.50 2 .10 1. 25 1.53
1. 1, 55 1.55 1.56 1.55 2 . 11
11 1,63 1. 46 1. 89 2 .93 2.02
12 1. 53 2 .4 1 2 . 08 1. 81
13 1. 43 2.05 1. 7 0 1. 81
14 1,94 1.38 1.40









1 6 1 5
4.7























1 . 88 1.72
1. 85 2. 61
2.95 1.58





3 . 88 1.99




























2 . 23 1.73
























c a rs pe r
cycl e




cycle 119 120 121 122 12 1 124 12 5
vehi c le
1 2.03 2 .2 9 1.6 5 2 . 19 1. 32 2 .3 5 2 .71
2 2 .1 2 2. 38 1.7 9 3.58 1.73 2 .06 1.4 2
3 1.62 2.1(19 1.61(1 1.91(1 2 .1 5 1.7 8 1.92
4 2 . U 2 .32 2 . 1(1 6 1. 51 1. 23 2. 32 1.2 1(1
5 3 .17 1. 27 1.66 2. 47 2 . 16 1. 72
6 1. 90 3 .72 2 . 1(15 1. 45 2 . 65 1. 24
7 1. 62 1. 6 2 1.29 1.74 1. 60 2 . 17
8 1.63 1. 39 1.41 2 . 17
9 3 . 11 2 . 16 2. 58 1. 51,. 1.57 1.29 1.4 4 1.9 5
11 1.67 3 . 85 2 . 11(1 2 .5 4
12 1.39 2 .2 4 1 . 13











11 15 12 12
+7.2%
c yc le 12. 1 27 1 2. 1 2 ' 130 13 1 132______ _ _ _____ ____ _ ____ _ _____________________ w _ _ _ _ _ _ __ _ _ _ _ _
ve h i c le
1 3 . 20 2.40 2 .33 2 .95 2.24 1.91 1.72
2 3.00 1. 48 2 .74 1 . 49 2 .88 1. 50 2 .99
3 1.41 1.90 2 .33 2 . 13 1. 30 2 .6 1 1.96
4 2 .99 2. 29 3.09 2.02 1.93 2 .73 1.32
5 1.97 2.17 1. 89 2.98 2. 91 1.39 2 .23
• 1.48 1.72 1.7 4 1 . 88 2 .73 2 .30 1.547 1 . 56 1.64 1. 47 1. 29 3. 18 1.46 1.90
• 2 .30 1.73 1. 99 1 . 33 1.35 1.95 1.27, 2. 06 1.63 2.42 2 . 27 2.15 1.39 2.16
i a 1.19 1.61 2 .88 1. 28 1 .80 1.08 4.27
11 2.93 1.43 1.94 1.95 2.15 1.30 1.53
1 2 1.84 2 .20 1. 06 1.90 2 .62
13 2 . 37 1.70 1. 09 1.63












1 2 13 14 11
+7 . 2%
c ycle 132 133 1 3. 1 3S 1 3' 137 1 3 '
----------------------------------------------------------
vehicle
1 1.72 1 . 07 1.75 3 .26 2 .67 3 .0 0 2 .47
2 2.09 1 . 57 3 . 39 1.68 1. 95 3 .07 3.37
3 1. 96 1.16 2. 29 1.65 2 .36 1.1 5
• 1.32 1.97 1. 16 1.1 2 1. 31 1.6 2S 2 .2 3 1. 35 2 . 26 1. 25 1.71 2 . 15, 1.5 4 2 .86 1. 98 1. 64 1.63 2.75
7 1.90 1. 34 1.36 1.81 3 . 1 8 1.48
• 1. 27 1. 48 2. 41 2 . 83 1.02 1.669 2 . 16 2 .30 1. 84 2.31 1 .95 1. 81
19 4. 27 1. 46 1. 29 1 . 33 2 .33 2 .43
11 1. 53 1. 68 2. 97 1 .43 2 .59 2 . 11
12 1. 31 1.3 2 1..66 1. 7 3 2 .31
13 2 . 16 1. 56 1. 82 0 .90 2 .04












13 15 14 14
+7 .2%
cycle 139 14' 14 1 142 14 3 144 145
----------------------------------------------------------
v eh i c l e
1 1. 84 1.38 2 .54 4.07 2 .89 3.50 1.7 0
2 3 .16 1.97 1. 22 1.81 1 . 31 1.42 1.94
3 1.95 2 .33 2.58 1. 43 2.26 1.99 2 .03
4 1.71 1.73 1.52 2.07 1.54 2 .44 1.87
5 3 .64 2 . 16 L 54 1. 46 2 . 29 L84 1.66
s 1. 57 1.87 1. 23 1.79 1.81 1.96 1.66
7 1.42 1.89 L 66 2 .53 2.66 1. 96 2 .08
• 1.47 2 .51 2 .17 1.04 1. 33 2 .02 2 .0 79 2 .62 1.98 2 .0 5 1. 55 1. 67 1 .75 1.64
re 1.65 0 .92 1.25 1.07 1.44 1. 46
11 2. 15 2 . 57 2 .59 2.29 1.42 2 . 1 2
12 1.92 2 .39 1.3" 1.37 1.98 1.79
13 1.68 2 .49 2.66 1.31 2. 16 1.52
14 1 . 28 1.96 2.41 2 . 23 1 . 95










14 15 15 1 5
+7 . 2\
cycle 14. 147 14 8 1 49 150 151 1 52
---~----------------- ------------ --- - -- - -- ------------ -- --
veh ic le
1 a.a i 1. 95 1. 67 1.65 2.91 2 .7 4 1.29
2 2.06 3. 10 1.24 2 . 00 1.53 1.77 2 .3 4
3 1.27 3. 15 3.19 3.14 1.59 1 .113 2 .36
4 1. 92 1.48 1. 14 1. 13 1. 6 3 1 . 97 1.63
5 1.64 2 . 20 1. 77 1. 73 1.96 2 .67 1.37
s 1.56 2 . 17 1. 21 2 . 90 2 .02 1.1 3
7 1. 9a 3 .13 3 .139 2 .4a 2 .50 1.29
8 2 .0 9 3 . 08 2 . 130 1. 46 1. 72 1. 9 4
9 2.20 2 .39 2 . 32 1. 11 1. 65 1. 23,. 2 .05 2 .53 1. 3 6 1. 37 1.90 2 . 75
11 1.6 5 1. 97 1. 93 2 .a3 2 .23 2.34
1 2 2 . 35 2 .12 2 .69 2 . 16 1.73
13 1.82 1. 89 1. 97 2 .02 2 .02













c ycle 15 3 1 54 15 5 156 157 158 1 59
veh icle
1 2. 73 2 .66 1. "11:1 1.21:' 3 . 64 2 .3 1 2 .85
2 1.91:' 2 . 3 3 2 .89 2. 61 2.88 2 .97 1.74
3 1.44 2 .B4 2. 47 2 . 1:' 3 1. 27 1.52 2. 75
4 1.33 1.52 2 .25 2. 52 3. 53 1.76
5 1.03 1.57 1.51 2. U 3 .48 1.71
6 1.68 1. 7 8 1. 29 3 . 38 1. 61 1.41
7 1. 12 1. 26 1.58 3 .1:'4 1.43 1:'.93
• 1 .44 1. 86 1. 93 1.7 5 1.73 2 . 199 1.59 1.78 3.1 5 3 .26 1. 85 1. 21
"
3.4 1 2.2 1:' 2 .55 1.42
11 1. 4 5 0. 92 1.73
12 1.84 2.49
13 1.69






no . o f
cars per






cycle 169 1 61 1 62 163 16. 165 166
----------------------------------------------------------
veh icle
1 1.90 1.83 2.58 1.32 2.49 1. 53 1.23
2 1 .26 1. 32 1.41 1. 78 1 .32 2 .50 2 . 27
3 2 .74 1.49 1.09 1.57 1.06 1.36 2 .09, 1. 35 1.88 0 .99 1.72 1.8f,1 1.26 1.31
5 3.40 3. 11 1. 22 2 . 10 2.10 1.66 1.35
6 1.23 1.7 8 1.61 1.11 1.66 2 .54 3 .62
7 1.90 2. 18 'Jo98 1. 30 2.74 1.32 1.54, 1. 54 1 13 1.85 1.68 1.40 1 . 27 2.28
9 1.71 2 .27 L 87 1. 19 1.42 1. 48 1.69
10 1.66 2 .66 1.63 2 .34 1.31 0.94 1.95
11 1. 02 1. 56 L 37 2 .02 0.96 2.08 2 .56
12 1.79 4.1J1 2 .84 1.22 2 .12 1.98 1.36
13 0 .32 1.97 1. 42 1.93 2. 12 1. 35 2 .87
14 3.99 0 .99 1.11 2 .113 1.74 1.56
15 2 . 18 1.75 1.42 2.76




--------------------- -- ~---------------------- ------- ----
no. of
cars per 14 1 3 16 16 15 17 14
cycle
495
------------------------ -- ------ ------ ---- -- -- ---- - -------
+7.2%
cycle 174 1'15 17 ' 1 77 17 . 179 ,..
----------------- - - --- ------------------ - - --------------
veh icle
1 1. 59 1. 66 1. 77 1. 98 2.26 2 .45 1. 51
2 1.16 2 .4 7 1. 65 1.6 3 1. 51 1.2 0 1.56
3 4 .1 6 1.86 1.7 3 2. 36 2 . 13 1.81 1 . 99
4 1. 40 3.44 2. 09 1. 7 4 2 .07 2.67 2 .97
5 1. 72 1. 25 1.75 1. 98 1. 11 1.96 1.74, 1. 99 1.58 1. 33 1. Iil 3 2 . 49 1 .52 3 .0 0
7 2 .2 1 2. 46 1.76 1.59 1. 77 2 . 3 6 2 . 05
• 2 . 96 1. 70 1.26 2 .65 2 . 36 6.96 1. 979 1.33 1. 54 1.66 1. 53 2. 60 1.5 0 1.1 8
"
2 . 13 1. 10 1. 55 1.1 3 1. 56 1. 14 1. 2 1
11 1. 40 3 .35 2 .94 2 .3 6 2 .17 1.38 1 . 6 9
1 2 1.46 2.4 5 1.31 2. 55 1.21 1 . 21 1.27
13 1.21 2 . 30 1. 95 a. r r 1. 98 1.7 9
14 2. 3 0 1. 12 2 .55 0 .8 5 1. 9 4 1.58











cycle 167 16 8 16' 170 171 172 173
----------------------------------------------------------
vehicle
1 2 .08 6. 51 1. 39 2 .83 1.64 2. 16 1. 6 1
2 1. 45 3 . 18 2.53 1.60 1.73 1.97 1 .87
J 1.37 2.75 1.61 2 . 13 1.11 1.77 2 .15
4 1.9 4 2 . 57 1. 76 1. 91 3.40 1.35 1 .0 9
5 2.28 2.66 1.21 2 . 42 1.1 4 1. 23 2 . ,j 4
6 1. 95 1.77 1. 24 1. 28 1. 49 1.25 1.11
7 1.53 3.28 1.78 2.40 2 .33 2 .63 1. 57
8 1.93 2. 52 3.28 1.33 2.88 1.86 1.03, 1.21 2 .38 0 .8 4 1. 31 1.1 9 1. 33 2 . 17
1. 1.33 1.25 1.75 3 .9 2 1 .06
11 1.48 1. 27 1.34 2 .2 7 3 . 15
12 1.22 1. 92 2.12 1 . 07 1.91
13 2 .6 4 1.82 1. 33 3. 62
14 2 . 16 1 . 22 2 . 11











1 5 14 1 2
+7 .2%
cycle 1 81 1 82 1 83 1 8. 1 85 1 86 " 7
--------- ------ ---- -- --- ------ -- ----------------- ----- ----
vehicle
1 1.77 3 . 01 1.23 1. 90 2 .53 2 . 47 1. 84
2 1. 5B 3 . 14 2 . 18 0 .94 1. 86 1.77 1. 59
3 1.81 1.59 2 .84 1.13 3 . 35 2 .81 2 .'14
• 2 .21'1 1. 85 1. 73 1. 17 1.63 2.04 1.1 25 1. 36 2 .21 1.39 1. 93 1. 84 1. 60 2 .0 7
6 1. 27 1.68 1.40 1. 63 1.25 1.81 2 .23
7 1.76 2.88 11.99 1.1 3 4 .62 1. 40 2.19
8 1.80 1. 72 2.46 1. 21 1. 6 2 3 .07, 1.79 1.24 1.64 3.74 1. 51
"
2 .87 1. 96 1. 53 2 . 19 2 .24
11 2 .01 2 . 09 1. 39 1.14 2.76
12 2.1'12 2 . 52 1. 25 1.47
13 1. 93 2.00 1. 46
14 2 .26 1.59













cy c le 1 88 18 9 1 90 191 1 92 193 1 94
v e hi c l e
1 2.3" 1. 61 1.68 1.95 2 . 18 1.97 1. 60
2 1 . 95 1.27 1. 99 2 .3 7 1. 93 1.96 1. 05
3 1.72 1.96 2 .37 1. 53 3.71 1.97 3 .05
• 3. 11 1. 16 4 . 14 1.54 1. 47 3 .20 1.455 1.91 1.49 2 . 78 3 .27 1.67 2 .05 1. 60
6 1. 6 3 2 . 1::12 1.45 1. 57 B.B9 1.61
7 2 .85 2.6 4 3 . 04 2.43 1.56 :... . 76
B 2 .58 1.66 1. 41 2.86 0 .94
9 3.24 1.52 1.34 2 .27
re 2 .61 l.lB l. 61
















cy c le , . 5 I ss , .7 , . 8 I.' 2•• 2.'
----- ------ --- --------------- ---------- --------- - ---------
vehicle
1 1.94 2 .42 3 . 99 2. 99 2 . 93 1. 19 1. 81
2 2 .29 2.28 1. 26 1. 55 1.62 1.91 1. 64
3 1.42 1. 22 1. 66 1. 77 1. 25 1.78 2.95
4 1.16 2.49 1. 51 1.67 1.47 1. 62 2. 16
5 1.17 1.42 1. 18 5.36 1.40 2.41 2.94
s 3 .03 1. 3 4 1. 64 1. 87 1.39 1. 30 1.817 1. 37 1.14 1. 5 9 2.25 1.58 1. 44 2 .838 1.95 1.79 1.30 1.33 1. 5 8 2 .20 1. 39
s 9.96 1.47 2 .24 1.22 1.68 2.22 2 .2 1
1 . 1 . 94 1.89 1.47 2.22 1. 80 1.52 1. 50
11 1.73 2 .95 2.05 1.46 1.1 8 1. 03
12 1.72 1.52 1.96 2.33 1.17 2.67
13 1.77 1.46 1.64 2 .40 1.30 2 .06
14 2.59 1.98 1 . 83 1. 06














" 2 203 204 285 28' 2'7
'"----------------------------------------------------------
ve h icle
1 1.34 2 . 00 1.41 1. 54 1.6 9 1. 32 2. 10
2 1.4 3 2.0 0 1. 54 2 . 69 1. 93 2 .22 1 .86
3 2.0 6 2. 1 2 1.70 2 .1 6 1.32 1.37 2 . 46
4 2.23 1.61 1 . 86 1.58 1.14 1. 27 1. 67
5 1.67 1.63 1.79 1. 82 1.24 2 . 17 1. 35
• 2 .14 2 .7 5 1.95 1.17 1.24 1.63 2 . 637 1 .41 1.36 1.79 1.64 2. 67 1.04 1. 91
8 2 . 67 1.41 2 .03 1. 91 1. 8 2 1.4 4 1.68
9 1.55 1.90 2 . U l. 89 1.04 1.74 2 .28
"
2 .3 7 1.26 1. 24 1.95 i . ue 1.62 2.48
11 2.13 1. 26 1. 50 2 . 18 1.76 1.10 1. 22
12 1.0 5 1.14 0 . 94 1.15 2 . 47 1. 02 1 . 24
13 3 .14 1.48 2 .20 1.69 2 . 61 1.19
14 1.48 1.69 1.20 1.77 1.14 1.03












14 1 2 14 15
+7.2\
cyc le 2" 210 211 212 213 214 215
--------------- -------- -- - ----------- -- --- ---------------
vehic le
1 1. 46 1.1 8 1. 68 1. 55 2.02 8 .82 1. 47
2 2 .03 2 .22 3.02 3.06 1. 10 4. 15 1.75
3 2.23 2 .66 1. 36 1. 44 2.91 2.68 2.U
4 1 .83 a. as 1. 34 1.31 1 . 87 3 .58 2 .21
5 1.91 1 . 62 2 .22 1. 56 lo U 2 .5 1 1.72
6 1. 23 1. 52 1. 77 1.22 1.38 2 . 19 1 .6 0
7 1.36 2 .135 1.62 1 . 92 3.23 2.29 1. 47
8 2.51 1. 84 1. 41 1.53 2 .33 2 .84
9 1.51 1. 49 1. 61 1.46 1.48 1. 34
10 z.as 1.27 1.47 1 . 79 1.28 1. 65
11 1.16 1 . 61 1. 32 2.91 1. 42 1.7 1
1 2 1. 50 1. 27 1.93 1.32 1. 67 1. 5 2
13 1. 15 2 .73 1.63 2 . 72 1.44 1.73
14 1.85 0 .77 2.82 1.30 1.73 2.138













cycle 21. 217 218 21' 22' 22 1 222
--- ----- -------- ---- ----- ------------- ------ ----- -- --- -
vehic le
1 2 .26 1.6 5 1.33 1.67 2 .28 3 . 26 2 .69
2 1. 91 1. 98 1. 40 2 . 52 2 .33 1. 51 1. 50
3 1.35 1. 83 3.34 2 .32 2 .97 1. 36 2.24
4 2. 14 1. 3 6 1. 37 1. 36 1. 25 2 .115 1.20
5 2 . B7 1. 49 1. 56 1. 37 1. 34 1. 67 1. D2
• 1. 53 1.8 8 1. 77 1.36 2 .3 1 1. 35 1. 457 2.72 1.26 1. 54 1. 35 2.53 1. 61 2 . 05
8 0 .9 9 2. 1 2 1. 6 4 2 .63 2 . 28, 1. 52 1. 4 5 1. 57 l. 88
10 2 .54 1. 69 1. 31 1. 67
11 1. 21 1. 65 1.31 1. 83
1 2 1. 56 1. 6 5 1.2 9 1. 28
13 1. 39 1.7 6 2 .61 1.33
14 1 . 53 D. 96 1. 22 1. 88
15 2 . 3 8 2 . 83 1. 32 l. D8




------- -- ------------- - ----------- ----- --- -- --- ---- --- ----







c ycle 223 22 . 22 5 22. 227 228 229
----------------------------------------------------------
veh icle
1 2.33 2 .37 1.16 0 . 44 2 .3 0 1.69 2 .53
2 1, 83 1. B4 1.64 2 . 41 1.97 2.26 1.15
3 1,24 1.73 2. 44 2 . 02 1. 61 1,41 3 .50
• 1,52 1.65 2 .5 3 I.B 3 2 .70 2.0 6 1.075 1,01 1.66 1. 36 1.56 l. 89 1, 81 1.66
s 0.7 9 1. 36 1. 33 1.35 1.48 1 . 80 2. 79
7 3 . 52 1. 21 2.97 1. 08 1.73 1.7 3
• 1. 2" 2 .97 1, 87 1.13 2 . 1 1 1.689 1.14 1. 34 1. 55 1 . 34 2 .07 2 . 0 6
18 1.26 1.82 1.41 1.47 1. 91 2 .24
11 2. 65 1.42 2 .79 2.52 2. 44
12 1.61 2 .78 1.74
13 1. 17 2.87 2 . 48
14 1. 26 1.73
1 5 1. 45 1. 53
16 1.33









19 1 5 1 3 11
+7 .2%
cyc le 230 231 232 233 23. 235 236
-------------------- ----- -- -- -...---- ---------- ----- --- -----
vehicle
1 1.39 2 .61 1. 16 3 . 01 1.0 2 2 . 8 8 2 . 17
2 5.22 1. 49 2 .23 1.24 1. 67 1.97 2 . 00
3 1.45 2 . 37 1. 67 1 .36 1.53 1.58 2 .26
4 4.5a 1."3 1.82 1.41 1. 17 1.65 2.44
5 2. 36 1. 84 1. 63 1. 70 2.51 1.50 1.17
6 1.83 1.34 1. 11 2 .70 2 .135 1.45 1. B8
7 1 .3 2 2 .24 1.54 1.83 1.26 1 . 66 1. 48
8 1. 7 9 1.08 1.84 2 .34 1. 21 1.58 2 .0 3
9 2.38 1.56 2.39 1. 63 1. 07 1. 9 9 1.82,. 1 .66 1.14 1.7 8 1.26 1 .54 9 .82 1.28
11 1.88 2.35 2 .59 2 .18 1.59
12 1.62 1. 91 3.21 2 .85 1.67
13 1. 85 2 .66 1.74
14 2 .3 0 2.15 3 . 06











10 14 r e 15
+7 .2\
cycle 237 238 23 . 240 241 24 2 24 3
- --- --- - - --- --- - - - - - --- ------------ - - - - - - - ----------- ---- -
vehicle
1 2.86 1. 27 1.56 2.30 1.67 2 . 75 1.57
2 1.47 2 .35 1.79 1.82 2 .20 2 .96 1. 37
3 1.73 0 . 93 1. 56 2 .74 2 .85 2 .06 2 .62
4 4 . 11 1. 2 4 1. 4 8 1.34 1.55 1. 46 1.77
5 1. 86 2. 30 2 .78 1.91 l. 87 1. 59 1. 27
6 2 .20 1. 68 1. 30 2.46 1. 35 1.22 1.32
7 1. 2 8 2 .3 1 2.25 l.71 1.98 l. 83 1.46
8 1. 62 1. 77 1. 7 6 1. 69 1.36 1.7 6 1. 59
s 1. 50 2 .45 1.72 1. 55 l. 24 1.57 1.77,. 1 .56 1. 9 4 1. 1 9 2 . 89 2.42 1.10 1.69
11 1. 82 3.63 1. 51 1.26 2 .1:10 1. 64 1. 27
12 1. 92 2 .51 2 . 69 2 .27 2 .51 2.36 2.69
,3 1. 48 2. 12 1.6 2 1. 20 2 .27 1. 88 2 .25
H 1.17 2 . 14 1. B3 1. 82 1. 49











13 14 15 1 5
- - --- - - - - - --- - - - ----- - - - - ------ - ---- ----- --- - - - - - - ------ - -
+7.2%
cycle 243 244 2.5 24' 247 248 249
------ ----------- -------..- ---- ..- - --- - - - - - - - - - -- - - - - - - - - - - -
vehic le
1 1. 57 2.46 2.34 1.47 1.91 2 .2 5 1.43
2 1.37 1.81 1.79 1.36 2 .117 1 . 72 1. 99
3 2 . 62 1. 39 1. 57 3.46 2 . 83 1.42 1. 64
4 1.77 2.'16 1 .73 1.28 1.34 2 .33 2 .89
5 1. 27 2 .9 1 3.16 1. 75 1. 06 1. 34 1. 40, 1.32 1. 43 2 . 34 1.79 1.29 1 .71 1. 7 5
7 1. 46 2.13 1.67 2.42 1. 7 9 1. 74 1. 49
e 1. 59 1.6 1 1. 29 1. 34 3 . 18 1 .4 1 1.55
9 1. 71 2. 10 1. 3 9 2 . 47 1.32 1.90 2. 56
"
1. 69 1. 92 2. 12 1.68 1.42 1.55 1.83
11 1 . 27 1. 6 4 2.90 2 .09 2.09 1.27 2 .27
12 2.69 2 .11 1. 41 1. 33 1.68 1.20 1.75
13 2.25 1.58 1.85 1.58 2..27 1.74
14 1.49 2.21 1.11 1.81 1.45






-------- ---- ------------------ ----------------------- -----
no . of




+7.2\ mean +7 .2\ HEADWAYS
no. of headway stand mi n rna,
c y c l e 2" cycles (sees ) dev head head
---------------------------------------------------
ve h i cle
1 1, 42 2" 2. 09 " .82 1'1 .3" 8 .82
2 0. 43 2" 1.94 ". 64 0 .43 5 .2 2
3 2 . 18 249 1.93 0 .59 0.93 4 . 16
4 ".65 2'. 1.90 a.ss 0.20 4.58
5 3 . 55 247 1 . 81 0 .63 0 . 5 8 5 .47
s 1. 62 2'2 1.79 a.ss " .63 3 .97
7 2 .06 239 1.82 a.as 0 .82 4 .62
• 1.81 225 1.81 0.51 0 . 9 4 3 . 289 2 .36 222 1. 82 0 .57 0.84 4 .95
1. 2. ' 1. 80 0 .57 0 . 82 4 .27
11 192 1.90 0 .56 9 . 92 3.85
12 175 1 . 83 0 .58 0 . 5 9 4 .0 1
13 15 1 1.79 0 .53 0 .09 3 .62
14 12 1 1.74 9 .54 lil .77 3 . 99
15 .2 1.69 0 . 51 0. 19 3 .26
1. 22 1 . 47 I' . 21 1. 14 2.19
17 1 2 1.51 0 . 26 1.16 1.89
ra 2 1.44 0 .24 1 . 23 1.67









1 1.98 1.30 1.64 1.76 l.87 1.46 l.96
2 1.99 1.39 2.13 1.45 1.B9 2.22 2.14
3 1.B0 3 .59 2.37 1. 82 3 .27 2 .16 1. 36
4 1.69 1.76 L23 2 .99 1.04 1.85 L10
5 1.09 1.52 L21 1.91 2.50 1.97 2 .04
6 2.07 1.57 L 62 1.77 L81 1.31 1.7 8
7 2 .94 1.22 1.37 1. 74 1. 49 1.76 2.03
B 1.59 2.42 2 .56 1.88 1.82 1. 52 1. 48
9 2 .24 1.58 3.47 1 . 34 1. 27 2 .Bl 1.46
i a 1.30 L94 2 .13 1.64 1.31 2 . 14
11 1 .91 2.75 2 .09 2. 18 1. 84
12 1.85 1.81 3.16 1. 53
13 1.54 3 .70 1.94 2 .08
14 L ll 1.66 L07









13 15 15 1 5
-7 .2 \
cycle 18 11 12 13 14
-----------------------------------~----------
veh i cle
1 1.23 2 .43 1.67 2.21 2. 38 1.65 1. 91
2 1. 91 1. 87 1.76 5.83 1. 57 1.59 2 .87
3 1. 39 1. 96 3 .58 1.11 2 .8 2 1. 73 2 . 84
• 2 . "" 1. 93 2.4 11 2 . 58 1. 17 1 .8~ 1. 805 2. 18 2 ."" 1.7 B 1. 20 2 . 81 2. 55 2 .45
6 1.79 1.92 1. 46 1. 32 1 . B8 1. 48 1. 58
7 2 .27 2 . 47 1. 44 1.25 1. 66 2.42 1 .2 6
8 2 . 1 3 1. 46 2 . 01 1. 58 1. 93 1.54 1. 98
• 1. 77 2 . 81 2 .97 2 .8 1 2 .56 2 .59
"'
1. 3 9 3 . 36 3.26 1.7 9 1. 63 1.6 8
11 1. 95 2 . 66 2.85 2 . 84 2 . 17
1 2 8.97 1. 39 2 . 12 2 .11
13 1.6 1 1. 45 1. 66 9 .69





----------------- - - - --------- - --- - - - - - ---- ---- ---
no . of




cycle 15 16 17 18 19 28 21
vehicle
1 1. 3 5 1.47
2 1.7 5 1.76
3 1.58 1 .63
4 1.70 2 .74
5 3.60 l.BB
6 I.B3 1.51
7 1.82 l. 34
8 2 .88 2 .29











4 .05 1. 5 3
1.56 3. lJ4









1.95 1 . 59
1.21 1.62































16 1 3 15
- --------------------------------------------------------
- 7 . 2\
cycle 22 23 2. 25 2. 27 28
------- -- --------------------------------------------
vehicle
1 2. 37 1.21 3 .18 1.89 4.43 2 .4 3 2 .88
2 1.50 3 .42 1 .94 1.32 1.6B 2 . 44 3.18
3 IJ, 34 1.47 2 .81 1.48 1.31 2 .24 2 .59
• 2.23 1. 68 2 .51 1.71 8 .61 1 .83 2 .245 2.29 1.81 1. 24 1.25 1. 42 3 . 1 7 1 . 7 2
• 2.B3 4 .3& 1. 73 1.9 2 1.64 1.7 3 1. 917 1.57 1.17 1. 29 2 . 43 1.8 B 2 . 76 1. 67
8 2 . 97 1. 95 1. 62 1 .98 2 .4 7 1. 37 1. 43
s 1. 90 1. 29 1. 17 1.99 2 .72 1.51 1.11
19 2.35 1. 51 2 . 17 2 .26 1. 70 2 .07 2 . 17
11 1.65 3.B6 1.38 1.21 2. 13 1. 52
12 1.72 B. 9i1 1 . 48 2 . 18 2.48 1. 8 4
13 3.15 1. 51 2 . 87 1. 69 2 . 34 1. 82
I. 1. 21 1. 23 1. 73 1.45





no . o f
cars pe r 15 15 15 15 13 19 13
cy cle
512
- 7 . 2\
cycle 2' aa 31 32 33 3. 35
--------------------_.._-----------------------------------
vehicle
1 1.66 1. 23 2.60 1.60 1.22 1.85 1.49
2 1.79 2.38 2. 82 2.67 1.89 1.99 1.31
3 2.84 1.58 1. 63 1. 70 2.89 1.61 2.00
• 1. 81 1. 83 1.26 3 .4 1 1.01 1.61 1.725 2.56 1. 42 1, 19 1.84 1.53 1. 88 2 .97
6 2 .49 1. 21 3 . 11 3. 11 2.65 2.08 0 .6 7
7 2.02 0 .99 1.99 1. 14 2.81 1.20
8 1. 54 1.24 2 .50 2.30 1. 22
9 1.91 4 . 30 3 .69 1,67 1. 93
"
1,00 1.11 2.05 2 . 27 1.91
11 1.53 2. 19 1.90 2 . 8 4
1 2 2 .71 1.35 2 .59 1. 48
13 2.53 2.29 1.66 1.92
14 2.03 1. 6 9 1.8 0 2 . 85










14 1 5 15
- 1 . 2\
cycle 3' 37 38 39 .. 41 42
-----------_._----------------------------_._-------------
veh icle
1 1. 49 3 .2 4 1.9 2 1 . 54 1. 50 1. 98 0 . 78
2 3 .08 1. 34 1.5 2 2 .54 1.20 1. 76 1.93
3 1.84 2 .56 2 .51 1. 00 1. 31 2 .40 3. 12
4 1. 88 3. 16 2 . 9 4 1. 22 1. 84 2.62 1. 41
5 2.52 1. 24 0 . 70 3.06 2.04 2 .05 1. 59
s 1 . 41 1 . 66 1. 96 1 . 41 3. 21 1. 32 2.30
7 1. 8'1 1. 64 1.7 4 1.3'1 1. 79 1.50 2.38
8 1.6 4 1. 5 2 1.9 2 2 . BB 1. 95 1.11
9 1. 47 2 .'11 1. 60 2 .33 2 . 44
1. 1 . 26 0 .99 2 .75 1.05 2 .5 1
11 1 . 23 2.20 2 . 60 2 .G0 1.66
1 2 2 .81 1.47 2. 19 2 .92
13 1. 63 1. 41 1. 29 1. 46
1 4 1. 23 1. 34 3. 12










14 1 3 11
- 7 . 2%
cyc le 43 44 45 46 47 48 49
----~~--------------- --- --- - ----- - - -- ---- -- ~--- - ------- ---
v e hi c l e
1 1. 14 2.72 2 . 50 2 .7 3 1.67 1.82 1.72
2 1. 4 2 2 . 1 8 1. 90 1.0 8 3 .14 1.23 2 .16
3 1. 68 1. 33 2.26 1.88 1.16 1.34 2 . 85
4 0. 7 1 1. 48 2.0 0 1. 86 1 . 25 2.81 1. 02
5 2 . 55 1. 46 2.51 3 .29 1. 21 1.40 3 .39
6 1. 2 8 1. 04 1. 48 1.50 1.21 1. 93 1. 42
7 1 . 37 1.93 2.07 1.21 1.7 5 1.25 3 . 39
8 3 .9 3 2.37 2.41 1. 60 2.06 0 .93 1. 52
9 2. 11 1. 02 1. 50 1. 49 1.75 2 .25 1.07
l ' 1. 30 1.22 1.82 1. 21 2 .23 2 . 2011 1.59 3 .79 1.39 1. 24 LIS 0 .9 5
1 2 2.24 2 .51 1. 46 3.37 1.46
1 3 1.93 1. 00 1.96 2 . 11
14 0 .83 1.26 1. 02










13 1 2 11 14
---------~-------~--- -- ------------- ------------------ - -- -
- 7. 2%
cycle 5' 51 52 53 54 55 56
------------------------ ---------- -- ~---------------------
vehic le
1 1. 7 9 2 .23 1. 51 1.59 2.18 1. 54 1. 3 1:1
2 1 . 3 8 1. 77 1. 7 3 2.88 1.98 2 .23 1 . 59
3 1.89 2 . 18 1. 14 2 . 28 1.4 4 1. 45 1.25
• 1.33 1.88 3 . 45 1. 6 4 1. 53 1. 39 2.085 2 .04 1. 97 1 . 65 1.54 1.06 3 . 11 2.09
6 2 .19 2 .06 1.87 3.49 1. 57 1. 49 1 . 08
7 1.56 2 .90 1.96 2.66 1.79 1. 65 2 . 05
8 1.58 1.26 1. 77 1.65 2 .96 1.83 1.08
9 1. 43 1. 84 1. 85 2.211 2 .37 2 .72 2 .6 1
10 1.32 1. 87 2.00 1. 51 1. 63 2.59 1.53
11 2 . 26 3 . B' 1.90 1.63 1. 59 2.92 2. 44
12 1. 32 1. 07 1.62 1. 46 2.09 2 .12 1.58
13 2 .11 2.93 1 . 42 1.93 2 .2 1 1. 16 1. 94
14 1 . 52 2.56 1. 54 1. 95 0 .86 2. 12




---------~------------ ---- ---- --- ----- - ------------ -------
no . of









1 1.32 1. 72 2. 1:'4 1. 83 1.74 1. 44 2 . :1;1
2 2 .83 1. 54 2.00 1.67 1. 83 1.78 2.U
3 2. 29 3.04 1.64 1. 30 2 . 76 1.93 2. 19
4 1. 38 1. 35 2 .57 1. 41 1. 28 2. 45 3.04
5 1. 52 1. 13 3. 62 0 .54 3. 05 2.07 2 .36
• 1.3 1 2 . 12 1.41 2. 13 2 .0 1 1. 18 1.307 1. 68 1. 61 8.94 1.84 1.62 1.44 1.48
8 2.20 1. 77 1.97 1. 63 2 . U 1.17 1.25
9 1. 50 2. 42 2. 14 1.56 3 . 17 1.7 0 1.38
i a 1.4 4 2. 48 1.61 2.73 1.54 2.17 0.86
11 1. 26 1. 97 1.6 8 1.76 1. 84 2.64
12 3.22 2 .05 1.55 1. 62 1. 29
13 2 .74 2. 58 2 .87 2 .55 1.56









1 3 13 1 4
517
14 11 ,. 13
-7.2\
cycle 64 65 66 67 68 69 70
----------------------------------------------------------
veh icle
1 3.28 1.50 1.87 2 ."7 1.68 1.63 1. 55, 1.68 1.86 2 .18 1.54 0 .70 1.18 2.13
3 2.06 1.78 1.35 1.73 3.46 2 .69 1.7 9, 1.99 1 . 40 4.03 1. 37 1.65 1. 86 2 .50
5 1.35 1.90 0.91 2 .05 2 .99 1 . 44 1.62
6 2 .40 1 .92 2 .04 3. 16 2 .00 1. 88 1.38
7 0.71 1. 82 2.18 2.05 2 .79 3 .74 1. 58
8 1.57 1.66 1.96 1.61 1. 51 2 .20 2.43
9 1.45 1.93 1.43 1. 1 6 2 .8 1 2.38 1.54,. 1.27 3.34 3.11 1.84 3. 11
11 4 .23 1. 96 2 .13 3.12 1.99
12 1.32 2.26 2.03 1.35













- 7 . 2 \
cycle 71 72 73 7 ' 7 5 7. 77
----------------------------------------------------------
veh icle
1 2. 42 0 .6 1 1.40 2 . 22 1.37 1.28 1. 08
2 1.98 1. 33 1. 2 8 2. 75 1,77 1.30 2.37
3 1. 12 3 .14 1. 86 1.54 1.32 1. 1 2 1. 43, 2 .36 0 . 78 3 .36 2 . 59 1.86 2.30 1.99
5 2 . 32 2.03 2 . 26 1.41 3 .03 1. 43 1.95
s 1.42 1 .35 1. 33 1.77 1.6 5 2 .80 2 . 06
7 1.67 1. 57 1. 89 2 .3 8 2 .24 1.77 1.28
• 2 .53 1,27 1, 3 0 2 .00 2 .77 1, 80 2 . 589 2. 60 2.15 2.74 1. 47 2. 16 1. 11 1. 20
10 1.59 1,85 1. 2 9 2.72 2 . 60 1. 92 3. 95
11 1.88 1,1 9 0 .83 0 .97 1,54 1.65
12 1.72 2.90 4. 1 7 2 .11 2 . 0 8 1.55
1 3 1,49 1,67 2 .35 1.73 0.90 2 .22
14 2.90 1.24 1.3 3 2.31 1. 36








14 1 5 13
519
10 14 15 15
- 7 . 2\
cycle 7. 79 •• 81 .2 . 3 8 4
- ------- ------------------------_._---------------------
veh i c l e
1 1.36 3 . 49 1. 76 1. 84 9. 74 1.53 1. 87
2 2. 37 1. 16 3 .3 4 1. 88 1. 78 1 . 93 2.97
3 2.93 2 . 11 2 .9 7 2.49 1.64 1 . 86 2.43
4 1. 73 1. 50 1. 85 2 .97 1.59 2 .18 1 . 53
5 8 .80 2 .94 1 .6 1 2.13 1.57 1 .63 2 . 18
• 1. 5 2 1.76 1. 94 2.17 2. 51 2.25 2 . 197 1. 81 1. 16 2 . 52 2.94 2. 49 2 .68 2 .23
8 2. 63 1. 40 2 . 12 1. 35 1. 36 5 . 35 3.32
9 1. 67 2.24 1.6 2 1. 69 1. 41 1.1 8 2 . 31
"
1. 45 3.27 1.4 6 1. 34 2 . 02 1. 74 1. 47
11 1. 89 1.03 2 . 11 1. 45 2. 71 2 .11 1.21
12 2 . 43 1. 65 1.7 8 2 .BI 1. 74 1 .8 9 3.33
13 1. 86 1.89 1. 69 1.37 1.69 1. 68











cycle 85 8' 81 8S ..
"
91
- ------ - - -------_._----------------------------------
vehicle
1 1.16 1. 81 2 .11 1. 89 2 .26 1.79 1. 22
2 2. 53 1. " 3 2. 29 2. 62 2 .5 6 3.22 1.66
3 1. 43 1.81 0 . 77 1.37 2 .2 4 1 . 67 2 .2 6
4 2. 17 1. 49 1. 9 9 1. 58 1.39 1. 94 1. 95
5 2 . 43 2. 02 1. 01 1. 74 1.02 2 . 40 1.93
s 1.1 8 1.12 2 .57 5 . 27 1.82 3 .5 4 2 . 07
1 1. 63 2 . 02 4 . 27 2.1 5 1. 73 2 . 48
8 1. 83 1.56 1.85 1.91 2 . 79 2 .4 1
9 1.47 2 . 25 1.11 2 . 58 1.47 1.41,. 2 . 34 1.77 1.64 1.84 1.38 1. 98
11 2.31 1. 14 1.4 2 2 .10 2 .59 1. 52
1 2 2.98 1.39 2 .99 2 .36 2 .48
13 1.72 1.11 1. 92 2.43 1.69
14 1.11 2 . 65 2 .63 1.76








1 5 1 5 1 4
521
11 13 1 5
- 1. 2%
cycle 92 93 9. 95 96 97 9.
----------------------------------------------------------
vehicle
1 1.22 1.68 1.92 1. 95 1.95 3.19 1.51
2 2 .62 1.55 1.02 2 .39 1.25 1.B1 1.51
3 1.35 2 .24 2 .49 2 .03 1.41 1.90 loU
• 1.48 1. 59 1.65 1.86 1.80 2 .06 3.795 2.98 3 .66 1.03 1.75 1.48 1.6 8
• 1.83 2 .32 2 .78 1.41 2 .64 1. 097 1.83 1.34 1.34 1.20 2.13 1.69
• 3 .56 2 . 91 2.97 1.37 1.49 4.829 1.67 1.83 2 .11 1.60 2.32 1.29
"
1.63 1.19 1.413 1.37 1.66 1.56
11 2 .39 1.26 2.81 3.1 8 1. 38 1.65
12 2 .58 1.13 1.72 5 .42 1.76










13 14 12 12
-7 .2%
cy c le 99
'"
101 "2 1 03 ", , . 5
----------------------------------------------------------
ve hicle
1 1. 81 1.50 1. 51 0.96 1.55 1. 63 1.1 3
2 1. 97 0.94 1.91 1. 27 1.70 1. 63 1.33
3 2.7 2 2.42 1. 33 0 . 98 1.73 1.52 2 .3 7, 1.64 2 .59 3.44 4 . 1 8 1. 39 2. 04 1. 64
5 2 . 00 1.56 3 .4 0 2 . 06 1.12 3 . 09 2 . 11
6 2 .51 1.41 1.77 1.27 1.8 3 1.62 3 . 58
7 1.51 2.24 1.76 1.81 1.74 2 . 47 1.4 5
8 1 .93 2 .31 1. 37 2 . 00 3 . 1 0 2.82 1. 79
9 1.56 2 .34 1.15 1.03 2.09 2 . 11 2.37
"
1.37 1.35 1.57 1.16 2 .20 1.62 2 .0 5
11 2 .71 1.39 1.54 1.87 3 . 18 1.21
1 2 1.29 3 .47 2.07 3 . 89 1.67 1.15
13 2 . 96 1.41 2 . 10 1.3 8 1.68
14 1.44 1.7 7 1.23 1. 57 1. 41












cycle 113 11' 115 116 117 118 11 9
vehicle
1 1.48 1.92 1.50 2 .68 1. 41 1. 48 L 48
2 3.53 1.35 1.61 1.30 1. 78 2 . 0 5 2.19
3 3 .08 1.65 1. 27 1.66 1.89 2 . 0 1 2 .21, 2 .38 1. 93 2 .4 1 1. 69 1. 76 1.73 1. 9 9
5 2 .65 1.54 1.94 2 .6 3 1.51 2. 2 0 1.23
6 1.19 3.06 1. 28 1.38 1. 66 1.65 1. 4 4
7 2 .3111 2 .32 2.U 1. 46 1.97 1.57 1.47
8 1.95 1.97 1. '16 1. 18 2. 33 1. 34 3 . 06
s 1. 97 2 . 06 0 .92 3.24 1.21 1.]6
"'
3.12 2.22 1 . 60














cycle 106 10 7 1 88 10' 110 II I ll2
-----------------------..-----------------------------
vehicle
1 1. 12 1.54 2.78 2.28 1.57 1.34 1 . 62
2 2 . 51 3 .3 3 3. 25 2 .63 2.99 3 .41 2 . 49
3 0 .97 2 ..83 1 . 22 3 . 17 2.24 2.33 2. 12
4 1.62 2 .51 a.es 1.02 1 . 14 1.29 1.62
5 1.39 2 .24 1.83 1.61 1. 89 1.83 1.24
6 1.37 1. 98 1.13 2. 30 1.65 1.79 2 . 41
7 3 .95 1.62 1. 57 1.44 1. 81 1. 46 2 .59
8 1. 30 1.95 2. 30 2 .26 2. 12 1.41 3.11, 2.31 3.18 2 .1 6 2 .3 4 1.59 1.22 1 .93
10 1. 87 1. 87 1.27 1. 33 1.70 2 .6 2
II 3 .96 3. 09 1. 0" 2 .74
12 1.83 1.49 1.35 1. 73
1 3 1. 60 1.08 1.7 5











14 14 1 2
-7 . 2 \
c yc le 12 8 1 21 1 22 1 23 124 125 1 26
---------------------------------------------------------
ve hicle
1 1.25 1.25 1. 98 2. 58 1.73 2 .8 9 1.61
2 2 .91 2 .9 1 1.34 1.52 1. 95 1 . 65 2 .10
3 1. 39 1.43 2 .33 2 . 95 1. 87 2 . 97 1.19
• 2 . 44 2 .3 7 1.8 2 1.16 1. 57 1.91 1.785 2 . 7 8 1.38 1.9 4 1.73 1.5 4 1 .23 1 . 94
6 1.25 1.34 3 . 25 1 . 26 2 . 11 1 .97 1.98
7 2 .9 6 1. 81 1. 7 3 2 .58 3 .1 9 2 . 71 1.31
8 2 . ~ 4 2 . 89 3 .9 8 2 . 44 3. 14 2 .99 2 .23
9 2 . 52 1. 52 3 .e6 1. 77 2 .8 1 1. 83 1. 71
18 3 . 24 2 . 01 1.46 1.64 1.68 2.0S 1. 51
11 1.54 2. 58 1.34 2 .19 1. 37 1.44 1.23
12 1.71 1. 49 3 .1114 1. 16 3 . 12 2 .51 l. 86
1 3 3.16 1.69 1.54 2 .54 l. ee
14 1. 62 2 . 14





no . o f
c a rs pe r
cycle
1 2 1. 12
52,')
13 1 3 13 16
- 7 . 2\
cycle 1 27 1 2 8 1 29 1 30 13 1 132 13 3
----------------------------------------------------------
vehicle
1 1.80 1. 64 1. 24 2 . 44 1. 10 1.35 1. 70
2 3 . 97 1.62 2.30 3 .85 2.24 2 . 04 2 .19
3 2.23 1.7 4 2 .35 1.71 2 .91 1.26 1. 41
• 1 .57 2 .59 1. 42 2 .05 2 .70 1.33 :?.0l:l5 1.73 2.31 1.68 2 .1 5 1. 11 2 .47 1.28, 1. 52 2 .55 2 .70 2 .30 2 . 62 1.94 1.08
7 1. 7 9 1. 1 7 2.21 2 .68 2 .58 2.02 2.78
8 1.45 2.36 2.81 3 .40 1.20 1.41 2 .26
9 1.1 7 2 . 19 1. 97 2 .56 2.04 1.85
18 1.28 1. 69 2 . 40 1.93 2.00 2 .47
11 3.134 1.86 1. 93 1.43 4 . 32 1. 56
1 2 2.2 6 1. 8 2 2.28 1. 09 1. 79
13 1.8 9 2 .32 1. 61 2.91 2.29
14 1.3g 1. 56 1.17












- 7 . 2%
cycle D . 1 35 1 36 137 13 8 139 140
----------------------------------------------------------
vehicle
1 1. 98 2. 38 2 .43 1. 35 3 . 8 4 2 .2 8 2. 37
2 1. 31 1. 38 1. 88 L I S 1. 85 1.4 5 1.3 8
3 1.57 2 . 1 6 8 .58 2 . 63 1. 38 2. 55 1 . 1"
• 2. 1f1 1. 85 L SI' 2 . 8 4 1. 81 1. 7 6 2 . 455 1. 88 2 . 14 2.82 1. 48 1.44 1.1 6 L SI'
6 2.48 1. 91 1.64 2.48 1. 79 1. 28 1 . 82
7 1. 28 2. 41 1. 87 1. 27 1.66 2 .56 1.2 4
8 2.28 1 . 44 1.98 1.136 1. 17 1.6 8
9 1.05 1.7 9 1.5 4 2 . 82 1.50 1. 49
10 1.11 1 . 54 1.8 9 2 . 20 2 .41 3 .82
11 1.25 1. 84 1.58 2. 25 0 . 99 2 .0 4
12 2 .45 2.B" 1. 59 1. 82 2 . 64 2.73
13 2 . 12 2.33 1.69 1. 6 9 2.88
14 1. 52 1. 7 3 2.77 2 .56 1.3 4










15 15 15 12
- 7 . 2%
cycle 1 41 142 1 43 144 14 5 14 6 147
veh i cle
1 2.313 2.47
2 2. 14 1. 26
3 1 .22 2 . 22
4 1.37 1. 3 3
5 2 . 79 1.66
6 a.i i 1. 5 5
7 1.813 1.63
B 2 .29 1.36










2 . 1 2 1.57 1. 63
1. 56 3 .62 2 .39
1. 8a 1.83 1. 43
1. 25 1. 33
2 .29 1. 88
2 . 37 1.43
1. 16 1.6 5
1 . 33 2.5 2
1.63 1.93
2. 30 3 . 14




































- 7 . 2%
cycle 14 8 149 1 50 1 51 152 1 53 1 54
----------------------------------------------------------
vehi c le
1 2 .87 2 . 40 2 .91 1. 7 9 1.42 1 . 43 1.76, 1 . 62 1. 0 8 1. 21 1.11 4 .9 4 3 .14 1 . 38
3 1. 92 1. 38 1.51 1.1 5 1. 87 1.08 1.1 2
• 1 .5 6 1. 52 3 .5 8 1. 94 2 .87 2. 01 1. 295 2.23 1.77 loll 2 . 12 1. 38 1. 42 1. 34
6 1. 80 1. 25 1. 23 2. 73 1. 99 1.14 2.74
7 0 .94 1. 59 1. 53 1. 19 1.66 3.03 1. 43
8 2 .20 1.19 1.9 3 1.56 2. 11 1.48 1. 49
9 2 . 04 1. 48 1. 85 2 . 11! 1.65 1.06 1.68
10 1. 42 2.72 1.4 2 1. 55 1. 58 2.11 2 .5 0
11 1.99 4 .0 ? 2. 37 1. 22 1. 90 2.95 2 . 41
12 3.05 1 ..8 ~ 1. 45 l. 51! 1. 38 2 .135 iJ.75
13 1. 56 2 . 43 2 .4 3 1. 80 1.98 1. 56 1.23
14 2 .50 1. 54 1.54 2 .83 1.50 2 .2 0










- 7. 2 \
cycle 1 5 5 1 56 1 57 1 58 1 59 16' 1 61
----------------------------------------------------------
vehic le
1 2 . 01 2.05 2 .44 3.14 1. 28 2 . 41 2. 73
2 2 .36 2 . 06 1. 31 1. 70 3.12 1.75 1 .41
3 1. 913 C.96 2 . 0 6 1. 32 1. 52 2 .C 4 1.6 5, 1. 66 13.87 1. 9 4 2 . 11 1. 813 4 .4 2 1. 9 9
5 2.3 0 2 . 76 4 .C 2 1.7 5 1.73 2 . 39 1. 51
6 1.54 1.53 1.9 0 1.90 1. 73 1.86 1. 6 5
7 1. 85 2 . 32 1.29 1.1 2 2 .0 4 1. 7 9 1. 6 5
• 1. 55 2 . 10 3 . 38 1. 95 1.72 0.93 1.579 1.55 1 .33 4.1 2 2.98 1.17 1.67 1.92
10 1. 55 1. 41 1.27 1.9 4 1.94 1.41 1.3 2
11 1. 47 1.913 2 . 513 2 .22 1. 52 0 .86 2 . 18
1 2 1. 55 1. 53 1.46 0 . 81 2 .17 0 .86 1. 30
13 2.18 1. 81:1 1.65 1.36 1. 31 1. 63 2 . 06
14 1.7 9 1. 47 1. 97 2 .47 2 .28 2 .00






c a r s po< 1 5 1 5 13 15 15 1 5 1 5




c y cle 162 1 63 16 ' 16 5 1 66 1 67 1 68
----------------------------------------------------------
ve'r r c re
1 1. 24 2 .34 1.3 0 1. 45 1. 60 1.3 0 2.44
2 1.68 1.41 1.61 2.59 1.89 1 . 66 1 . 3 1
3 1.75 1. 69 2 .03 2.22 1. 86 2. 5 6 1 .83
• 1. 81 2 .13 1.13 1.2 6 9.90 2 . 14 2 .365 1.32 1. 77 1. 44 1.41 2.90 1.22 1. 37
6 2 . 22 2.16 1.71 2. 37 2 . 18 2 .84 a, 97
7 1. 52 1.15 1.70 1.51 1.34 1. 5 2 1.03
8 1. 50 2 .3 1 2.42 1.6 2 2 . 14 3 . 18 1. 6 2
9 1. 66 1. 64 1.56 2.65 2 .50 1 . 9 6 2.36
10 2 . 00 1. 41 1. 40 2.80 2.09 2 .03 1.87
11 1.59 2 .3 9 1. 66 1.42 2 .66 2 .0B 3 .78
12 1. 40 0 .98 2 .49 1.48 1. 38 1. 7 6 2 . 1 7
13 1. 21 2 . 19 1.45 2.04 2 .18 1.51 2.90
14 1.17 1.14 1.66 1 . 8 4 1.42
15 2 .63 1. 62 1. 44




no . o f
ca rs per 16 15 17
"




cycle 169 17. 171 172 1 73 17 . 175
--------------------------------- --- --- - -------------- - - -
vehic le
1 2. 09 2 .25 2 .66 1. 24 1. 91 I. S7 2. 41
2 1.03 1. 98 2.22 3.1 5 2.02 2. 14 2. 04
3 1.13 1. 73 1. 95 1. 74 1. 4 1 1. 61
• 1.32 2. 12 1.23 1. 33 1. 6 9 2.155 1.33 1.1 2 1. 65 1. 07 1.4 8 1.99
6 2 .0 3 2 .53 1.!:I7 1.64 1.11 2 .6 4
7 1.89 1. 71 1. 7 1.- 1. 59 2 .06 1. 46
• 2.50 2.23 1.38 2.38 2.26 2 .779 4.03 2 .11 1. 94 1. 54 2. 9 0 2 . l8
1 . 2.99 1. 71 1 .4 5 1. 8 3 1.52
11 1. 45 1. 99 1. 80 1. 30
1 2 1 . 84 1.1 2 1. 68
13 2 . 66 1. 23 1.66
14 1.46 2 .56












- 7 . 2\
cycle 17. 177 17 8 17. 18 ' 181 182
--------------- ------------------------------------------
v ehicle
1 2 .14 2 .98 1.78 1. 90 1. 42 1.74 1.36
2 1. 408 1 . 46 1. 96 1 .90 1. 38 1.7 9 2 .27
3 1.61 2 .35 2. 11 1. 20 1. 41 2 .55 1.67
• 2.15 1.67 1. 48 1. 46 1.39 2 .10 2 .395 1.96 1. 42 1.3 ] 1.77 1. 37 2 . 27 2 .1' 7
• 1. 11) 1 . 62 1. 87 1. 40 2 . 88 2 . 0 1.637 2.39 1.92 2 . 06 1.17 1 . 5 9 1.7 8 2 . 0 4
8 2 .86 1. B6 1. 60 1. 66 1.17 1. 42 1. 54
s 2 .24 1. 59 1. 23 1. 56 1. 44 2 .2 4 1. 91,. 1. B3 1.41 1. 6 2 1. 82 1. 7 9 3 . 16 1. 29
11 2 . 95 3 .19 1.29 1.77 l.IP 1.05
1 2 2.1 2 2 .19 2 . 00 2 .2 3 1. 07 2.U
13 1.70 1.73 3.31 1.68 2. 85 1. 4 9
,. 1. 73 2 . 14 2. 41 1.43 2 .78
15 1. 82 1. 62









15 i s 13 14
------- --- ------------------- -------------------- ---- -- -- -
- 7 . 2%
cycle 183 184 1 85 186 187 188 180
- - - ----- - - - ---- - --- --- - ---- --- - --------------- - - - - - - - --- --
vehicle
1 1.23 1. 56 2. 44 1. 16 2 .57 1.88 1.8a
2 2.95 1.70 2 .29 2.21 2 .16 1.46 2.2 1
3 1. 87 1.81 1. 98 1. 59 1. 7 13 1.71 2.59
4 1.12 1.59 1. 2 6 1. 41 2 .25 1.813 2 .83
5 1.89 1.73 1.52 1. 25 1.35 2 .74 1.62
6 2.4 3 1.53 1.138 1.3 1 1.65 1.14 1.80
7 2.84 1. 54 1.27 1. 7 5 1. 3 2 1. 42 1. 67
8 1. 99 1. 6 13 1. 94 1.46 1 . 13 1.913 1.64
0 1. 54 2 .6 1 2 .29 2 .44 1. 58 1. 69 1.36
1 . 1.39 2.28 1. 21 2 .36 1.72 1.413 1. 26
11 1.136 1.136 2.26 2 .17 1. 49 1. 44 2.19
1 2 2 .24 1. 77 2.23 2 .96 2.48 1.26 1.62
13 0.97 1.1 6 1.37 1. 52 2. 4 4 1. 413 1.77
14 1.97 13.99 2.89 1.58 1.86 2 .3 4 1. 6 5
15 1. 32 2.72 13 .87 :L .213 1.39
16 2 .32 1.54 3. 41
17
1 8
--------- ----- -------- ----- ----------- ------ ------------- -
no. of




cycle 19 ' 1 91 192 1 93 1 9 ' 1 95 1 96
- - --- ----- --------------- - - ------- - - - - - - - ---- - - -- - - ------ -
ve hic l e
1 2 .3 2 1.63 2 . 11 1.37 1.43 2 .73 1. 08
2 1. 61 2 . 76 1. 35 1. 54 2 .0 5 1. 64 1. 19
3 1. 35 1. 90 1.3 1 0 . 97 1.83 1.61 1. 2 9, 0 . 97 1.0 5 1 . 56 2 . 61 1.41 2.45 1.93
5 1. 03 1. 57 3 . 13 1. 90 0 .89 1. 02 2 . 97
6 2.51 2 . 59 1. 34 2. 43 2. 47 1. 90 2 .9 1
7 1. 21 1.4 8 1.97 2 .46 1. 94 1. 51 2 . 47
8 2. 44 2 . 3 2 1. 61 3 .79 2 . 21 2 . 78 2 .40
9 1.3 8 2 . 73 2 .0 1 1.72 2 .5 9 3 . 11 1. 52
10 1.75 2 . 43 2 .5 7 1.76 2 . 72 1. 53 1. 77
11 1. 84 2. 71 1.5 1 2 . 1 2 1.17 1. 55
1 2 1. 20 1.86 2 .82 1. 98 2 .00 2. 46
13 2 . 12 1.3 5 1. 35 1. 56 2. 1iI 6
"
1. 61 1. 62




--- --- ---------- -- ----- ---- --- ------ ------------ - ---------
no . o f




13 1 5 13
---. _----------- --- ---------- -- ----- ----.
w _ _ _________ _ _ _ _
- 7 .2%
c ycl e 1 97 19 8 199 2•• 2. ' 2. 2 2.3
-------- -------------- _.._---------------- ---- --- ----------
veh Lc Le
1 1. 26 1.~6 1, 97 3. 37 1.69 1. 98 1. 5 0
2 1.7~ 1, 84 1, 57 1. 82 2 .35 2 . 09 1. 33
3 1.97 2. 64 1, 62 1.55 1.16 1. 63 3 .26
4 1.63 1.8 a 2 . 00 1.63 2. 5 8 1.6 4 0 . 81
5 1.07 2.70 0 .89 1. 77 2 . 01 3. 16 1. 7 3
s 2 . 62 1 . 53 1. 51 3 . 0 4 1. 53 3. 07 2 .51
7 1.02 2 . 27 1. 59 1.81 1. 67 2.3 8 2 . 36
8 3 .33 1. 44 1. 57 1. 21 1. 84 1. 61 1. 37
9 2 . 88 1 . 40 1. 06 1.7 2 1. 51 2 .3 8 1. 95,. 2 . 19 1. 70 1. 58 1.05 2. 47 1.1 8 3.64
11 2 . 41 1.55 1.07 2. 27 1. 97 1. 81 3.35
12 2. 94 1.37 2 . 9 4 2 .8 8 2. 70 0.86
13 1. 11 1.20 1.3 8 1. 28 2.64
14 1. 63 2 .17 1. 05 2 .14




- - - ---------- --- - --- - - - - - --- - - - -------- - - - - - - - - -------- - -
no. of
cars p e r 1 2 13 18 14 14 15 11
c ycle
537
-------------------._----------- - ---- - - --- ---~------------
-7 . 2%
cycle 204 205 286 2'7 2 " 2" 2"
----------------------------------------------------------
veh icle
1 1.51 2 .8 4 1.36 1. 26 2. 17 1. 57 1. 47
2 1.64 1. 45 2 .93 3.94 2 . 13 3 .81 1.53
3 2 . 18 1.15 3. 12 1.83 1.32 1. 37 4 . 49
• 1. 88 2.41 3.17 1.56 1.58 2.93 1."95 1. 57 1.71 1. 97 1. 33 1.69 2.75 1.34
6 1. 11'1 1.36 1.87 1 .95 2 .66 1. 61 1.43
7 1.10 1. 62 1.37 1.83 2.33 1. 64 2 .72
8 2 .05 2. 13 2.88 1. 49 3 .60 2 .24 2.41
9 1.38 1.98 2.77 1.69 1.81 3 . 20 2.19
"
1.63 1.57 1. 47 1.40 1. 49 1.24 1.81
11 2.33 1.63 2 .28 3 .06 1.08 2 . 98 1.17
12 2 . 13 2.70 1. 24 1.40 1.70 1. 82 2 .37
13 1.7 8 1. 22 2.02 l.80 2 .05 2.23 1.92











cycle 211 212 21 3 214 215 216 217
----_.._------------- - ---- ------ --- -- --- -- ---- ------- --- --
ve hicle
1 1.7 6 2.08 1.47 2. 12 1. 87 1. 31 1. 513
2 2 . 12 2. 16 2 .62 2 .87 1. 33 1.69 2.41
3 1.29 1. 45 1.61 1. 56 2 .18 1. 51 1.72
4 2 .21 1. 39 1 .73 1.4 3 2.21 2. 31 1. 27
5 1. 7 6 3. 13 1. 98 2 .36 1. 26 1. 58 2. 34
6 1.23 2 .57 1.32 2 . 18 1. 28 1. 55 1. 22
7 1. 3 8 1. 99 2 .65 2 .31 1. 78 2.72 1.26
8 1.26 3.74 1. 69 2 .63 2 .14 1.47 3.92
9 1.43 1. 68 1.63 1. 25 1. 813 2 . 04 1 . 43
"
1.27 1. 99 1. 89 2 .47 1. 97 1.95 1. 12
11 1. 5 3 2.72 2 .54 1. 7 2 1. 18 2. 41 2 .73
12 1. 6 5 1.69 2 .89 1. 3 17 1. 54 2 . 25
13 2.58 1. 67 2.33 1. 62 2.2 13 1.133
14 1. 29 1. 64 1.59








1 6 13 14
539
13 11 1 5 13
- 7 . 2%
cycle 2l B 219 22. 22 1 222 223 22.
----------------------------------------------------------
ve h i cle
1 2.86 1. 95 1,65 1,07 1, 27 2 .31 1,35
2 1, 37 2. 75 1.93 2 . 61 1, 76 2 . 1 0 2.27
3 1.97 1.51 1,10 2.82 2.01 1, 58 2 .55
• 2.84 2 .39 1,84 1.71 2 .64 1,45 2 .005 2 .49 2 . 11 1,91 1,78 2 .1 6 1. 38 1.57
• 1.88 1.63 1.14 2 . 1 6 2 .31 2.02 2 . 167 1.43 1. 05 1. 32 1 . 51 2.84 2 .08 2 .21
B 1. 42 2.03 2.78 1.93 1.89 3 .38 1.24
9 11.91 1.29 1.26 1. 30 2 .52 1.82,. 5 . 44 1.94 1.37 1. 78 2 .08 1.72
11 1.69 1.64 1. B8 2 . 48 1. 28 1.47
1 2 3 .17 1. 10 2 .76 2 . 72 a.ai 1.59
13 1.94 1. 52 3 . 29 1.37 1. 24












cycle 225 226 227 228 2 29 2 30 23 )
----------------------------------------------------------
veh i cle
) 3 . 45 1.66 1. 53 1.63 2 .66 1.52 2 .13
2 3 .53 0 . 72 1.71 1. 66 1.53 2 .29 LB6
J 1.82 3 .66 1.31 1. 74 2 .3 8 1.6 3 1.55
4 1.59 1.63 1. 66 1.3 8 1.46 1. 37 1. 77
5 1. 52 1.47 1. 83 1. 31 3. 68 2 . 90 1. 90
6 2 .1 3 2 .2 1 3. 24 1.4 9 2 . 03 1. 9 8 1.77
7 1.4 2 1.44 1. 41:'1 1.72 1. 87 1.76 1.84
8 1.71 1. 38 1. ; 3 1. 96 1. 47 2 .5 4 1, 42
9 1.71 1.37 1.55 1. 38 1.63 2. l 0 1,95
ra 1, 57 2.4 '1 2 . 04 1.85 2 . 29 1. 6 1 2 .29
)) 1 .34 3. 28 1 . 6 5 1.06 1.93 1. 68
12 2.29 1. 50 2 . 43 2 .6 5 ] . 37 1.58
lJ 1.3 0 2.26 2.33 2 . '13 1.98 1. 44











)4 )4 13 15
- 7 . 2%
cyc le 232 233 23. 235 236 237 238
--------------------------------------.-------------------
vehic le
1 1. 61 1. 9 5 1 .68 2.23 1. 93 1. 81 1. 611
2 1.81 1 .40 1 . 81 2. 3 2 2 .53 . BB 2. 13
3 1. 88 1.80 1 . 63 0 . 64 1.7 5 . 97 2 .06
• 1.91 1.75 2 .35 :<' . 1 5 1. 43 1. 97 2.515 1. 98 2. 12 2 .80 1. 45 2.22 1. 83 2 . 59, 1. 43 2.32 1. 73 1. 7 9 1. 42 1. 86 1. 38
7 1. 14 2 .29 2. 07 2 . 15 2.59 1. 46 1.98
• 1. 44 1. 0 6 2. 1 0 1. 5 1 0.99 L SI! 1. 889 1.7 5 1. 48 1. 72 1. 99 3 . 01 3 .81 1. 98
1B 2 .84 3 . 1 6 2.69 2 .2 11 2.35 1. 21! 1.11
11 3.0 1 2.6 4 1.27 2 .37 1. 46 2 . 40
12 e .91 2 . 44 2. 49 1. 08 3.4 13
13 1. 2 4 1. 69 2 .28 2 .13 2 . 29
1. 1.48 9.99 1.86




------_._._---~---------~ ~_.--------------~ ~ ~---------~---
no. of
ca r s pe r
cycle
11 1 5 1 3
542
14 1 B 1 5 13
- 7 . 2%
cycle 238 239 24' 241 2 . 2 243 2"
----------------------------------------------------------
vehicle
1 1.60 1.57 2.55 1.19 2 .29 2 .37 1.66
2 2 . 13 1.29 2.92 1.93 1.22 1.47 1.64
3 2.06 3.33 1. 59 2 .33 1. 56 1. 43 1.73, 2.51 2 .08 1.79 2 .13 2.36 1.73 1.71
5 2.50 2 .30 3 .2 1 1. 55
"
1. 30
s 1.38 1. 54 1. 52 1 .58 . •02 1.72
7 1.98 8 .96 2 .27 2 .30 1.91 2 .13
8 1.88 1.97 1. 29 1.72 1.47 1.97
9 1.98 1. 26 1.7 9 1.54 1. 46 1.72
"
1. 11 2 .43 1. 11 3 .35 1.77 1.30
11 2 .40 1 .17 1.87 1. 33 2.90 1.74
12 3.40 1 .14 2.79 1.14 1.94 J. 33
13 2.29 2 .21 2.58 1. 40 2 .0 0 1. 49
,. 1.37 1.90 1.39 1. 25
15 1 .28 3 . 58 2.92
1. 1.05 2 . ]6
17
18








------------------------------------ ----- -------- ----- ----
-7. 2\
no . of
cycle 245 246 247 2•• 249 250 c yc l e s
- - - ------------ - - - - - - - - -- - - - - - - -------- - - - - - - - -- - - --
veh icle
1 1.93 1.18 1.75 1.79 1. 9 8 1 .92 259
2 2 .6 1 1 .37 1. 71 1.72 2.08 1 . 49 259
3 1.39 2 . 53 1. 34 1. 21 3 .6 9 1 .64 249
• 1. 47 1.71 3 .49 1. 87 1. 95 2 .U 2• •5 1.55 1.68 1.3" 1.28 1.63 2 .22 245, 1. 61 1.31 2 .42 2 .79 1. 9 9 2 .3 7 245
7 1. 76 2 . Ut 1.47 3.90 2.82 2.4 8 243
• 2 .48 1.78 1. 45 1. 53 1.05 2.82 2• •, 1. 57 1. 52 1. 85 1.34 1. 82 1 . 28 235
"
2 .08 2 .18 2.31 2 . 16 1.14 222
11 1.69 1.43 1. 14 2 .2 4 2 . 16 2.'12 1. 39 2 . 68 2 .16 1. 84 1. 86 I.,
13 1. 09 1. 82 1. 39 1.40 1.76 17 5
14 1. 54 1. 72 1. 23 1. 09 3.4 6 1 29
15 1. 63 7'
16 1. 58 i e
17 l.ID
3 .
no . o f
cars pe r





- 7. 2\ mean - 7.2\ HE ADWAY
h ead stan min roo>
cycle s ees dev he ad head
-------------------------------------
v ehi c le
1 1. 8 4 e.56 {I.61 4. 43
2 2 .ee ',l, 71 13 .711 5 .83
3 1.88 e .62 {I.34 4.40
4 1.9{1 13 . 62 0 .61 4 . 42
5 1.88 {I.6 4 {I. 54 4.02
• 1.91 0 .62 13 .6 7 5.277 1.87 e .5 8 0.71 4 .27
8 1. 99 0.7e 13 . 93 5 . 35
9 1.91 e .63 13 .91 4 .6 7
"
1.90 0.63 'l . 86 5. 44
11 1.97 0 .70 'l. 83 -1.32
12 1. 99 0.6 9 0 . 75 5. 42
13 1.86 0.54 a .69 3 . 7I:J
14 1. 77 a. 56 a .8 3 3 . 46
15 1.89 0.66 a.55 3 . 68
"
1. 77 0.58 13 .74 3 .41
17 1.48 1'.32 1. 01 1. fi:j
18 1.49 ERn 1.49 1.49
- - - --- -- - - - - ----
no . of
cars per






1 2.39 1. 96 1. 34 1. 38 3 .75 1.87 2.78
2 2 .51 3 .09 2.29 2 .6 1 2 .67 1. 3" 1.56
3 2 . 14 2.55 2. 52 2. 71 1. 8 8 1. 8 4 1 .71
4 1,72 1, 21 1.56 1.33 2 .63 1.51 1.19
5 L IB 1. 96 1.29 1.53 1.7 " 1. 31 2 .57
6 2.22 9 . 52 1.63 1. 58 2 .88 1.39 1.22
7 2.18 1. 79 1. 15 2.63 2 .14 2 .49 1.77
8 2.13 2 .24 2 .15 2 . 18 1. 61 1.79 2.62, 1. 69 1.73 1. 66 1. 96 2 .09 2.76
"
2.27 2.28 1.53 1.26 1.6" 1. 06
11 2 .26 1.18 1.73 1. 27 1. 87
12 3 . 19 2. 1'14 2 .1'14 1. 95
13 1.53 2 .52 1.78 2.90
14 2 .51 2.57 2.00 2.18
15 1. 42 1.91 1. 17
1 6 2.76 2 . 43 1.7 4





21 2 .86 1.88
22 1.47 3 .55




















23 1 6 27 1 4
+0 . 1%
cyc le ra 11 12 13 14
---- - --- - ------------ - - - --------- - - - -------- - ----- - - - - - -
veh ic le
1 2.97 1.38 1.96 1.9 4 1.90 2.45 1.27
2 1.27 2 .28 1. 94 1 .4 1 2 .18 2.69 2 .32
1 1. 63 2.07 2.51 1.36 1.31 1. 15 2 .37
• 2 .14 2 .63 2.00 1. 48 1.76 1.46 ] . 515 2 .67 1. 46 1. 79 2. 14 1.32 2 .88 3.14, 1.51 1.83 2 .60 1.26 2 .72 2.04 1.99
7 1.86 4.08 1.33 2.03 3.62 1. 22 1. 04
8 1.69 1. 94 1.57 2 . 15 4. 71 1. 20 1.89
9 1.49 1. 78 2 . 16 2.62 2 . 35 1. 4 8 1.53
ra 2 .00 1.37 2.4 4 2.50 2 .21 1.86 1.90
11 1.98 2. 18 1.8 4 2 . 49 4 . 44 1.55 1.13
1 2 1.18 2 .1'18 1.32 1.82 1.55 1. 2 3 1. 67
13 1.58 1. 65 2.02 3. 18 1.09 2.66 1.2 3
14 1.86 1. 49 1.23 1.72 1.69 1.91 1.74
15 2. 1::15 2 .67 1. 54 1.27 3 .30 3 .37
"
1.6 9 1. 91 2 .84 2 .37 1. 25 1.52
17 1.94 1. 91 2 .58 2 .15 1. 48 2.55
i s 1. 45 2 .33 1. 29 1. 61 3.0 4 3. 02
19 2.01 2.20 1. 31 1.27 2 .81 1.27
20 1. 26 2.23 1. 80 2 .75 2.25 2 . 03
21 1. 7 4 2 . 05 1. 87 0 .71 1. 73
22 1. 10 2 .06 1. 54 2 .40
23 2.82 1. 91 1. 31 1.8 4
2. 2 . 52 2 .13 1. 22 2 . 74
25 1. 33 1.72 1. 51 3 .39
2' 1. 58 2 .48 1.86 2 .69
27 1.54 1. 80 2 .0 7
28 1. 6 9 1. 29 1. 39









- - -- - - --- - - - ---- ------ - - - ------ -- - - - - - -- - - - - - -- - - - - - - - - -
no . of
cars pe 29 21 29 14 2' 2' 3'
cycle
547
- -------- - ~----- - - - -- ------ -- - - ~ - - ~- - - -- ----------------
HI. ? '!
cycle 1 5 16 17 1 8 19
"
21
- ------ - ----- - ----------------------- - - - - - -- - - - - - - - - -- - -
vehic le
1 2 .35 1.83 1. 56 1,81 1,41 2 . 74 2 .23
2 1.73 1. 6 8 2 . 12 3 .11 1, 59 1.90 1. 23
3 2 .23 1.89 2 .30 4. 02 2 .20 2 . £1 6 1. 40
4 2 .27 1.7 4 1. 55 1, 96 1.55 1.59 1. 81
5 1,24 2.22 1.7 5 2. 13 2 . 0£1 1,29 1.93
s 1.49 2 . 1 7 2 .1 4 1, 47 1. 28 1. 85 1. 57
7 1. 90 1. 02 1. 47 1. 88 1.86 1. 42 2 .82
8 2.30 2 .73 1. 11 1. 88 1.3 9 3 . 47 2 . 5 5
9 1. 95 1. 54 1. 33 2. 11 1.90 3.20
10 1.1 8 2.84 1. 60 1.1 3 1. 81 1.96
11 1. 57 3 . 17 2. 70 2.8£1 3.8 4 1.74
1 2 2.5 1 1. 44 1.6 4 2 . 38 1.32
1 3 3 .3 9 1.37 1. 86 2 .6 1 1.87
14 1.31 3.11 1. 94 2 .76 1,73
1 5 2 . 56 2 .97 2 . 59 1. 62 2 . 27
"
1. 75 1. 42 1. 6 8 3 .3 1 2.33
17 1. 7 9 1.93 2 . £1 7 4. 11 1.7 1
1 8 2 . 47 1. 29 3 . 61 2 . 49
19 1. 39 3 . 37 1. :>5 1.£1 8
2. 1.07 1. 98 1. 01 2.16
21 1. 7 6 2 .03 1. 7 4 1. 81
22 1. 7 6 1. 61 1. 68 3 .62
23 2. £15 l. 99 1. 12 1. 2 5
2 4 3. 50 1. 7 9 2 . 66 1 . .1. 0
25 1, 4 2 1.03 1.6 9 2 .6 7
2. 3 . 07 l. 25 1.18 2.3 1
27 1.2 4 1. 28 2.23 2. 08
28 2.98 1. 99 1,41 1. 53
2 9 3.7 4 2 .11 1. 61








------------------------- - ---- - - - - -------------------- --








cy cle 22 23 24 25 26 27 2.
--------------------------------------------------------
veh i c l e
1 1. 33 2.64 2. 11 1.88 2.£17 1. 90 1. 9 4
2 1.81 2. 36 4.72 1.47 2.16 2.41' ], 56
3 1.76 1.41' 1. 12 1.70 3.45 1.71 1.69
4 2 .93 2 .05 2 .03 1.99 L SI 1.43 1.3 6
5 1.78 1.58 1.60 2.£17 £1.93 3 .29 1. 80
6 1.79 1.46 1. 31 1.63 1.39 1. 15 2. 57
7 1.92 1.95 1. 96 1. 52 1. 45 1.65 1.77, 1.88 1.64 1. 69 1. 37 1. 39 2 .63 1.48
9 1. 71 2 .86 1. 66 0 .60 1. 23 1.69 3 . 17
"
2 .91 2.23 1. 46 0 . 89 0 . 92 2 .17 2 .34
11 2.11 2 .46 1. 63 3 . 60 1. 94 1. 95 2 . 62
12 1.24 2 .45 2 . 68 1. 22 1.64 1.60 2. £1 6
13 1 .73 1.67 2 . 32 1. 76 1. 29 2 .16 1.39
14 3.1'5 2 . 15 1.77 2 .60 1.57 4 . 38 2 .38
1 5 3.23 2.97 1. 19 2 .42 2 . 54 1.33 3 .54
16 1.58 2 .95 2 .70 1. 06 3 .35 1.6" 1. 6 3
17 1.65 2 .32 1. 92 1.09 2.17 1.87 2 .24
1 . 2 .19 2 .33 1.32 1.0 5 2 .70 2. 32 2 .29
19 2 .21 2 .54 1. 38 3 .72 3 .13 1.47 1.43
2. 4 .25 2 .06 2.25 2. 4 3 1. 36 1.26 1 .1 6
21 1. 86 3 .19 1. 12 2 .£11:1 1.55 3 .27 1. 11
22 2 .2 1 1.4 4 1. 11 2 . 3 3 3 . £18 3 .02 2 . 3 1
23 2.46 1. 91' 1.73 £1.96 3.31 2 .76 3.66
24 2 .22 3.34 1.1 2 1.34 2 .6 3
25 2. 12 1. 34 0.96 1. 71 2. 31
26 2.56 1. 42 1.55 3 . 67
27 1.45 2. 19 2 .09
2' 1. 8£1 2 .17
2. 2 .62 1.57










ca r s pe 26 27 30 30 23 25 23
cyc le
54.
---------------- -- ------------- --------- -------- --------
+0.7%
cyc le 29 3. Jl 32 33 34 3 5
-- - -------- --- -- ----------------- ---------- -------------
vehic le
1 1. 67 1. 42 2.3 4 1. 86 1.82 2 .5 6 2 .77
2 2 .23 2 .72 2 . 93 2 .6 7 1. 9 8 1. 68 2.02
3 1. 64 1.22 1.8 4 1. 80 2 .32 1.49 1. 49
• 1. 56 1. 45 1.51 1. 67 3 .03 2.03 i .as5 1.74 1.6 5 1.7 5 3 . 21 2 . 37 L 4ll 1. 98
6 2 .55 2.00 2. 40 2 . 30 1.<; 8 1.69 2 .134
7 1.89 2 .8 1:1 1.78 2 . 45 1.39 2. 71 1. 54
8 1. 86 1 . 84 2 . 25 2 . 51 1. 41 1.41 1. 6 8
s 1. 66 1.71 2 . 12 1. 76 1. 97 3. 13 3.40
"
1. 62 2 . 41 1.55 1. 76 2. 64 2. 33 1. 43
11 1. 68 1. 81 i1.q7 1. 41 1. n 3 . Bl
1 2 2 .40 z. as 2. 97 1.11 2 . 11' 2. 40
13 2 . 50 1 .7 4 2. 12 2 .43 2 . 16 1.54
14 1.6 8 1. 19 2. 91:1 2 . 15 1. 55 2 .138
1 5 2 .85 3 .36 1 .7 5 1. 32 2.86 3.49
16 3 . 59 1.55 1 . 87 1. 80 2.1 9 1.19
17 1. 85 1.71 2 . 12 2 . 79 1. 63
1 8 2 . 71 1. 92 2.58 1. 54 1. 28
rs 1. 58 1. 5 8 2. 31 2 . 19 2 . 5 5
2 . 2 .713 1.33 1. 82 1. 63 2 . 2 3
21 2 . 43 2 . 0 8 1. 39 1. 12 3 . 67
22 1. 19 1. 47 3 .33 1.4J 2 . 1:14
23 1.81 2 .52 1. 46 3. 17 1.57
2 . 2.4 1 1 . 49 2 . 12 1.63
25 2 .72 1. 96 1. 44 2 .55
26 2.73 3 . 15 1. 51 1.4 8
27 1.86 3 .1 7 2 . 83
28 1. 15 2.51









---- - -- - --- - - - --- - --- - - - - - ------- ------ - - --- - ------- ----
no . of




26 23 re 2.
--------------------------------------------------------
+0 . 7%
cycle 3£ 37 38 39 40 41 42
--------------------------------------------------------
veh icle
1 1.65 2.47 2 .96 2 . 26 4 .73 1.06 2 . 90
2 1.17 1. 47 2 . 47 1. 62 2 .95 1. 91 2 . 10
3 1. 44 1.25 2 .38 1.38 1.61 3.10 1.89, 1.32 l, S8 2 .95 2 .99 1. 94 1.54 1. 39
5 1.09 2.02 1.60 3.27 1.53 2.20 2 . 4 8
6 1.77 1. 30 2 .0 2 1.91 1.74 1. 03 ], 32
7 1. 24 1. 45 1. 89 1.56 1.73 1. 87 2 . 50
8 1.19 1. 83 2.09 2 .94 3.55 1.96 1. 96
9 2 . 07 1.85 1 .53 1.68 2 .05 2.70 1.81
"
1.59 1. 37 a.s s 2 .54 1. 4lil 2 .20 1 .65
11 1.18 1.1 6 1. 29 4 .80 1. 60 2 .38 2 .71
12 1. 47 1. 59 2.78 2 .23 1. 76 2.21 1.50
13 1.75 1 . 89 2 . 25 1. 83 4.1 8 1.51 2.81
14 4 .05 2. 71 4 .2 1 2 .68 2 .18 1.50 1.64
15 3.21 1.56 2.01 1.31 2 . 18 2 .52 s . as
16 1.10 1.04 1. 63 1.62 1.33 1.58 1. 47
17 1.29 1 . 66 1 .71 1. 66 1.43 1. 24 1.67
1 8 1. 09 1 . 01 1 .52 1.43 2 . 88 1.4 11 1.88
19 1.61 1.99 1.84 0. 98 2 .49 2.4 4 2.58
2. 1. 93 1 .1 5 1 . 02 1.59 4 .44 1. 35 2 .55
21 1. 46 2 . 25 2 .95 1.1 6 2 . 46 2.1'9 2. 47
22 1.02 1.90 2.56 1. 95 1. 60 1.411 1.42
23 1. 89 1.10 2 .14 1.47 1. 91 1. 77 1. 09
24 1'.99 1. 46 2. 4 3 2 .96 1.86 0 .85 2.74
25 2 . 00 2 .14 2 .68 1.7 0 1. 90 1. 83 2.07
26 2.52 1. 15 1. 55 5.29 1. 87 2 . 41 1 . 77
27 1. 76 1. 28 3.24 1. 81 1. 46 1. 82
2B 2 . 27 1 . 90 2 .2 1 2 . 00 2 .25
29 1.71 3.15 2.48 2 . 12
3 ' 1. 55 1. 07
31 2 .05 1.47
32 1. 57 2.55
33 1.37 1.7 5
3' 1.15 3. 43
35 0. 95











51 52 53 5. 55 56
--------_._---------_._._--------------------_..._-------
ve hicle
1 1.21 1 .31 1. 3 1 1. 97 3.02 2.98 2 .38
2 1.60 1.71 1 .7 5 1. 63 1.66 3 .09 1.91
3 1.63 1.52 1. 45 1.89 1.46 1.69 1.81
• 1.94 2 . 32 2 .B 3 1.80 2 . 07 2 .69 2.335 1.67 1.29 2 .34 1.28 2 .IH 1.37 2 .09
6 2 .38 1.08 1.75 3 .47 3 .11 2.95 1 . 15
7 1. 41 3 .43 1. 25 1. -: 6 1.53 1. 97 1.80
8 1 .28 2. 37 2 .76 1.69 2 .34 0 .95
s 2 .96 1.59 1. 38 1. 80 3.79 2 .12
1. 3.02 1 .37 2 .46 2 .83 2.84 1. 53
11 2 . 13 1. 9 9 4.11 1. 86 3.4 8 1.74
12 1. 51 1.1 4 2 .13 1. 65 3 . 44 0 .90
13 1.67 2 .3 6 2 . 3 0 2 . 13 4. 31 1.4 ~
1. 2.7 8 1. 97 2 . 18 1. 81 3 .3 1 2 .5 1
15 2. 02 1. 85 1.3 2 2. 08 2.64 1. ~1
16 1. 38 2 . 12 1 .52 1.38 1. 80 2 . 12
17 1.4 0 1. 0 2 2 . B6 2.26 3.31 1.41
18 1.67 2 .80 2 .22 1. 48 2.33 1.49
"
1. 71 1. 8 9 1.22 2.B3 1. 65
28 1.31 2 . 45 1. 32 1.5 2 2.3"
21 1.14 1 .55 3 .25 2 .03 3.63
22 2 . 19 3 .96 1.21 1.96 1.13
23 1.53 1.3 9 1 . 57 1.41 4 .20
2. 1 .33 1.14 2 .26 1.19
25 l. 58 2 .26 2 . 70 1 . 1 2
26 3.19 1.64 1.89 1.6 0
27 1.98 1. 52 I .U 1.31
28 2.30 1.39 4 .24 1 .99
2' 1.56 1. 73 1 . 36 1 . 4 4
"
1.39 1. 73 1 .24
31 2.97 1.19
32 3.18 1.34












cyc l e • 3 •• .5 ., .7 •• .9
--------------------------------------------------------
vehicle
1 1.69 1.68 1.60 1.95 1. 40 1.40 4.43
2 1.83 2 .27 2 .139 1.57 3.27 2.35 1.14
3 1.41 2.134 2.07 2 . 85 1.84 1. 42 2.613
• 2 .63 1. 10 2.33 1.50 1. 23 1.88 2 . 855 1.57 1.09 1.13 1.54 1.90 1. 87 1.95, 1.84 3 .013 1.87 2 .09 1.39 0.93 1.95
7 3.42 1.52 1.73 1.26 1.33 3 .34 2.32
• 2.47 2.36 2 .11 1.74 3 .58 2 .27 1.66, 2 . 16 1.83 1. 42 2 .43 1. 79 1.88 2.59
"
1.59 2 .76 2.03 1..54 1.. 46 2.50 1..75
11 1.46 1.49 1.41 0 .95 1.39 1.30 2.22
12 1.34 2.14 2.18 3.19 2.27 4.63 2 .65
13 1.23 1..79 2 .96 2 .84 1.72 1.15 1 .44
14 1. 31 3.92 1. 71 1.47 1.43 3.82 1.77
1 5 2.27 1.33 2 .30 2 .60 2 .64 1.61 1.95
16 3.63 2.20 2 .42 3 .11 4.34 2 .-47 2 .90
17 2~29 1.98 4.H 0.94 1. 65 2 .40 1.16
rs 1.33 2.84 2 .54 2 .23 2 .09 1.63 1.52
19 2 .3 7 1.70 3.25 2. 16 1.85 5 .70 1.90
2. 2 . 57 2.137 3 .38 2.14 1. 58 1.94 3.03
21 1. 31 1.513 1.58 2.57 2 .29 1.23 1. 49
22 1.43 4 .55 3 .35 1.04 2.18 1.38 1.98
23 1.32 2. 18 1. 96 1.96 3.07 1.62 1.80
2. 1.61 2.02 2 .48 1.61 1 .0 1 1.63 2. 19
25 3 . 1 2 2 .48 2 .35 1.76 0 .87 3 .60 1. 63
26 1.82 1. 91 2. 13 1.69 3.50 1. 74 2.09
27 2 .15 3.15 4 .26 2 .82 1.72 2.96 1.672. 1. 22 2. 53 1.22 1. 32 2 .67 1.63
2' 1. 99 3.33 2 .69 2.86


















1 1.J? 1.58 1.85 2 .2 1 2.22
2 2 .09 1. 98 1. 96 1.99 2 .45
3 1. 47 2 .32 1.47 1. 97 i . re
4 1.21 1. 45 1. 55 1.73 1.86
5 2 .03 1. 71 1.1)-7 1. 82 1.79
6 2 .33 1. 51 1.35 1. 59
7 2 .02 2.94 1. 43 2.60
8 2 .59 1. 65 3.07 1. 53
9 2 . 55 2. 79 2.23 1.13
10 1.74 1.4 4 2.34 3.74
11 1 .33 1. 80 1. 5 1:1 2 .24
12 1 .77 2 .72 2.60 2.39
13 1.30 1. 40 2.05
14 1. 3 4 1. 38 2.07
15 1. 27 1. 62
16 3.75 1. 44
17 1. 6 4 1. 54
18 1. 77 2 .16
19 1. 49 1.73
29 1. 49 2.53

















2.62 2 . 45
1.46 1. 50
1.26 i . ui
1 .37 1.91
2 .86 2 .02
1.68 3.34









cycle 64 65 66 67 68 69
veh icle
1 1.54 2.30 1. 56 3 .5 6 1.24 1.57 2.01
2 3.41'1 1.51'1 2. 40 2.59 2 .83 1.61'1 2 .29
3 1.57 1.11'1 2 .1'17 2. 63 2.1'11'1 2.52 1.79
• 1.28 2.15 2 .15 1. 97 2 .24 2 .26 1. 885 1. 32 1. 48 1.71 1. 46 ,. • 46 2.1'16 1.67
6 3 .02 2. 76 1 .38 1.13 1.49 2 .25 1.83
7 2.06 1.48 1.68 1.24 1.66 1. 37
8 1.1'14 1 .28 1.66 1.69 1.69 1. 23, 2.95 1. 75 1 .62 1.91 1. 69 1.98
ie 1. 73 2.22 2.39 2.83 2 .37 9 .9B
11 1.14 2.17 2 .97 1.87 1.88 1. 29
12 1 .59 2 .87 1. 59 2 .02 2. 23
33 2 . 7 8 1. 19 2 .~1 1. 78 1. 38
1. 1.53 1.78 2.28 1. 62 1. 25
1 5 1.85 1.75 2 . 2~ 1.34 2 .97
16 2.67 1. 94 1.54 1. 97 1. 41
17 1.54 2 . 41 1 .67 1.89
1 8 2 .71 1.67 1. 95 2.79
























22 1 8 16
--_.----------------------------------------------------
+0 .7%
cycle 71 72 73 74 75 76 77
--------------------------------------------------------
vehicle
1 2.14 1.75 1 .23 2 .97 3 .02 1.69 1. 41
2 1. 91 3.32 2.13 2.B0 1.67 2 .00 ].94
3 1.78 1.56 1 .93 1. 20 1.45 2.B5 2 .7 5
• 1.69 1.45 2.27 1 .33 1.31 1. 07 1. 735 1.83 1. 01 2.07 1.70 2 .42 1.21 1. 10
6 2 . 18 1. 38 2.44 1. 94 2 .23 1. 56 1.64
7 1.86 1.37 1.06 1.54 2 . 76 2.54 1.30
a 2.41 1.96 1.33 1. 39 1. 77 2 .22 1.29, 1. 87 1.68 1 . 67 1.65 1. 96 3.58 2 .37
18 2 .76 2.1'2 1 .83 2.39 1.34 2.08 1. 86
11 1. 54 4.34 1.59 2.11 2.03 1.65
12 1. 57 1 . 86 3 .06 3.56 3 .34 2.50
13 1.20 1.41 2.23 1.83 1.99 1.16
14 3.13 1 .98 3 .05 1.17 2 .0 2 1. 66
1 5 3.05 2.07 1.33 1.73 2 .00
16 1. 71 2.75 2.94 1. 8 2 2 . 55
17 1.67 1.89 2.05 1. 25 1.33
I. 3.38 1.67 l.01 1. 31 2.43
19 2.86 1.46 1. 15 1.74 1.95
29 1.63 1.82 1.93 1.78 1.28
21 2. 40 3.06 1.46 2.37
22 1.21 1.41 2. 11 1.67
23 1.46 1.35 1.29 1.382. 1 .04 2 .00 1.39 1.81
25 2.71 1.1 8 2 .21 3 . U
26 1 .33 1. 87 2 .14 2. 18
27 1.54 1.59 1.29 1.732. 3. 71 1. 27 1. 87 1.94
29 2.51 1.21 1. 7 0 2 .57
'"
1. 55 0 .70 1.71 1. 65
31 1. 31 2 .25 1. 20 1.71
32 1. 99 1. 82 1.59 1.03






no . o f
cars pe 14 18
"
33 32 34 33
r:yc 1e
556
--- -------------------- --------- ----- - ------------ ~-----
+0 . 7 %
cycle 7. 7' •• 01 . 2 83 ••
--------------------------------------------------------
vehic l e
1 1.69 1. 43 0 .96 1.56 2 . 1 9 1.813 1. 71
2 1. 8 4 1. 53 2 .2 5 1, 44 1. 70 3 .49 5 . 75
3 1. 4 8 3 .62 2 . 37 2.30 1. 98 3 .47 1, 87, 1.79 1. 98 2 .3 1 1. 42 1.59 1.31 2 .98
5 1. 7 B 1. 38 1.40 2.74 l.B5 1.34 1.6 0
6 1. 29 1. 63 1.71 1. 74 2 .5 4 1. 44 1. 65
7 2 . 37 1. 56 2 .31:1 1.20 1. 90 1.78 1. 24
• 1.57 2.02 1. 61 1.74 1 .44 2 .28 1.7 0, 2 .27 2 .38 1.68 1.59 1. 57 2.31 3 .05
"
2 . 99 1.55 1. 80 2 .56 2.15 1. 23 1. 3 8
11 1. 31 r .es 3 .1 0 1.51 4 .9 1 1. 92 1. 8 9
1 2 2 .94 1.40 1.24 1. 51 1. 02 4 .68 1.6 3
13 1. 91 2 .06 1.34 2 .37 1.10 1. 1 8 1. 97
14 1 .82 2. 14 1. 28 2. 05 2 .43 1. 38 1. 80
1 5 1. 40 2 .53 2 .16 5 .58 3.19 2. 96 1.04
16 0 .88 2 .6 5 1.95 1.66 2.49 2. 44 2 . S1
17 2.60 2.31 1.50 1.21 2 .77 2.6 1 1.53,. 1 .91 1. 89 3.11 1.36 2 .8 7 2 . 29 2 . 47
19 1. 72 1.43 1 . 57 1.63 1. 3 13 2.11 2. 48
2. 2.63 2 . 29 1. 06 1.96 1. 21 1. 82
21 1.48 3 .60 l.BB 1.S2 2 . 113 2 . 16
22 2 . 77 2 . 15 2 . 22 1.95 1. 53 2 .2 1
23 2.27 2 . 1 8 2.51 1 . 33 1. 97 1.63
2' 1. 76 2 . 53 1.74 1.76 4 .39 2 .59
25 1 . 5 2 2 .63 1. 45 2 .2 4 1. 94 2 .33
26 1.16 1.11 2. 12 2.64 1.52 2. 67
27 2. "5 1. 68 l. BB 1. .'50 1. 57 1. 51
2. 1. " 9 3 . 1'1 1. 54 1.43 1.80
2' 2. 65 1. 62 1. 80 2 .19 2 . 22
30 1. 93 1. 99 3 . 41 1 . 29 1. 61
31 1.99 1. 65 2 . 11 4 . 54
3 2 1.34 1. 55 1. 41 1.41











c ycle 85 8' 87 .. .9 9' 91
--------------------------------------------------------
ve hi c l e
1 2 . 37 3 . 72 1.44 2 . U 2 . 14 2. 18 1. 89
2 1.47 1. 57 2 .3 8 1.94 1.39 1.61' 1 . 67
3 1.7 0 1. 1 5 2 . 35 1.36 2.53 3 .27 1.46
4 2 .20 3.24 1.75 1.62 1 .93 1. 01 2 . :?0
5 1.66 1.31 1.60 2 .12 4.16 1. 22 1. 46, 1.6 2 2.86 2.U 1. 29 1.13 1. 54 1. 6 13
7 1. 42 2 . 21 1.31 2 . 45 2. 00 0 .97 2 .8 7
8 2 . 72 1. 52 2 . 06 1. 28 2 . U: l. 69 1. 71
9 2 . B5 1.61 1.61 1. 27 3 .32 1.74 2 .36
"
l.1 5 2 . 88 1.71 2 . 43 1 .4 2 1. 31' 2.52
11 1.7 5 1. 96 1. 91' 4 .4 1 1. 95
1 2 3 .19 1.30 1. " 3 2. 11
13 1. 56 1.43 1. 43 1.68
14 2. 6 5 1 .29 1. 66 2. 43
1 5 1.6 5 1.82 1.7 5 2 . ga
"
l. 2 8 1.52 1.11 1. 58
17 2 . 32 2 .6 5 1. 16 2 .54
1 8 1. 92 1. 63 1.58 1.81
19 2 . 8 4 1.29 2 .1 7 1.87
2' 1."5 1.34 1.72
21 1.56 1.6e 2 . 12
22 2 . 5 0 1.93 1.62
23 2 .33 1.99 2 . 04
24 2.14 2.97 1. 84
25 1. 54 1.61
2 ' 1. 74 1.14
27 1.7 6 1.44
28 1. 5 5 3 .88
29 1. 38 2 . 17
30 3 .56 1.30







------------------~-- ~ --_._ --------- -- ------------- -- - -- -





30 10 10 19
+9.7%
cycle 92 93 94 95 96 97 98
vehic le
1 1. 55 5 .69 2 .91
2 2.18 1. 73 2 . 16
:\ 1.82 2 .34 2.37
4 4 .56 1.63 2.27
5 2 .22 1.73
6 1.45 2. 66
7 2 . 12 1.87
8 2 .02
9 2 .46




























1. 3 0 2 . 46
1. 39 1.89












1.91 1. 1 2
1. 56 1. 57
1. 96 1.91
1. 79 1. 27
1. 54 2 . 39
1.83 1.05
1.39 3 . 28
1. 6 8 1.60
2.6 1 1. 5 8



















10. 10 1 102 1 03 104 I"
vehic le





6 1 . 74
7 1 . 29
8 1. 53
9 1 . 90
10 1.40

























1.47 1. 97 2.28 1.22
1.31 1. 67 3 .15 1.44
1.99 2 .0 3 1. 96 2 .34
9. 96 1. 29 1.89
1. 81' 2 .38 2. 36
1.47 2 .111l 1. 43
1 .83 1.29 3 .04
1 .6 7 1. 81 1. 50
1 . 6 9 1.21 1. 96
1. 6 0 2 . 1 5 1. 28
3. 57 1. 5 9
1.57 0 .88
2 .85 2 .05
2.65 3 . 911
1. 93 1.1 9
1. 23 0 .6 4
2 .5S 2 .50
2 .09 3.17
1. 41 2 .57











1. 51 2 .12
] . 99 2 .32
1.74 1.12
1 .3 6 2 .38
1. 27 1. 57
1.7 6 1.30
2 .11 1.87
2 .02 2 .44































cyc l e 106 107 108 109 110 111 11 2
--- - - - - -- - - - - - - - ------ - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -----
veh i c le
1 2. 21 3 .3 6 2 .19 3 . 13 2. 19 1.43 3. 13
2 2.57 1.4 5 1.3 6 2 .55 1.67 1. 89 1. 81
3 2 . 15 1. 48 3 . 44 2. 60 2.23 1. 7 4 1. 2 9
• 1.6 8 1. 73 1.16 1. 13 2 . 13 1.47 1. 585 3.11 1. 22 1. 34 1. 50 1.26 1. 75 1.59
6 0 . 89 2. 3 2 1.31 3 .9 1 1. 37 2 . 45 1. 98
7 2. 2 9 1. 55 1. 99 1.75 2. 44 1.74 1. 53
8 3 . 89 2 .136 2 .99 1. 57 2 . 18 1.57 2 .09
s IL94 1. 99 2 .95 2 .00 1. 54 1.85 1. 96
10 1.5 8 9 .96 2.96 3 .2 4 1. 46 1.59
11 1. 13 1. 65 1.6 9 1. 50 2 .2 6 3 . 55
12 1. 45 1.66 2 .6 1 2 . 58
13 1.92 1.10 1. 56 1.44
,. 2. 12 1.07 1. 45 2 .2 9
15 1. 27 3 . 41 2.67 2.5 9
16 1.54 1.9 2 1.10 2.99
17 1.44 1 .78 3 .2 3 0 . 69
1 8 2 .54 1. 34 4 .1 4
19 2 .04 1. 81 2 .24
20 2 .66 1.09 1. 29
21 1.63 1. 31 1.45
22 1.58 1.1 4 1. 32
23 2 .95 2 . 84 1. 83
24 1.19 1.09
25 2 .B 0 4.81
26 2. 14 1. 78
27 0 . 93 1.67
28 1. 98 1. 53
2' 2. 39 1.09
30 1.20 1.35
31 2 .17 5.09
32 1. 14 1.51









33 11 1 7
56 1
23 3 3 11
+9. 7\
cycle 113 11 4 115 116 11 7 11 8 11 '
vehicle
1 2. 38 1.13 1. 41
2 2.54 1 . 93 1.93
3 2 . 11 3 . 65 2 . 59
4 1.8 9 2 .50 1.63
5 1.2 4 3 . 22 10 M
6 1. 77 2. 22 3 . 22
7 1.66 1. 93 1.71
8 1. 98 1.19
9 1. 92 1. 25
1 9 2 . 27 1 . 92
11 1. 64 1.7 3
1 2 2 .32
1 3 2 . 68
14 2 . 80
1 5 2 .0 2
1 6 2 .73
17 2.92
1 8 3. " 9
1 9 1. 8 4
20 2 . 45
















2 . 34 8 .91
1.8S 2.18
1.22 2.29
1. 56 1. 33
2.33 2 . 33
2 . 1 3 1 .11
2 .11 1.89






2 .46 3 . 49
1.88 1.8 4
2 . 04 1 . 33
1 .33 1 . 5 9
1. 1 2 2 .21
1.31 2 . 35
2 .4 9 '1. 92
1 . 1 3 2.11
1. 27 1.65
1. 93 2 . 1'1
2 . 24 1::1. 98
1. 7 3 J . 93
2 . 18 2 .9 7
1. 17
no . of






c yc l e 120 121 122 1 23 124 12 5 12 6
vehicle
1 2. 3 ~ 3 .98 1.81
2 2. 50 9.80 1.61
3 1. 28 2. 71 1.44
4 2 . 28 1.34 2.~2
5 1.36 2.10 1.29
6 1,45 1.0 3
7 1, 53 1.37
8 1, 50 2 .33
9 1,33 1.4 5
10 1,81 1.0 5
11 1.35 0. 87


























2.31 1.14 2 . 59 1. 39
1.81 1.61 1.68 2.35
1.99 3.54 1.61 3.29
1. 54 1. 24 2 . 11 3.97
3 .5 4 1.97 2.49 3. 50
1. 86 1. 55
1. 52 1.41
2 . 68 1.47











cycle 1 27 1 29 130 131 13 2 133
v e hi c le
1 2. 27 2. 35
2 3 . H 2. 44
3 2. 73 1.67
4 1. 72 1 . 12
5 1 .8 8 1.91
6 2 .94 1 .40
7 1.49 2.62





























2 . 28 2.54 2 . 23 1 .39 2 .33
1.39 1.84 1.46 1.99 1 .21
1.71 1.40 1. 82 1.93 2 .57
1. 48 1.57 1. 71 2 .28 2 .37
1 .4 2 2.86 1.92 1. !",1 2 .66
1. 95 1.37 1.3 9 2 .e8 2 . 76
1.31 1.18 1. 66 1. 61 1.99
5.91 1. 99 1.49 z. re 1.6 5
2 .6 3 loU 3. 73 1. 62 3 . 13
1.67 6 . 92 2.49 1.39 2.54
1.24 1. 22 2 .22
1. 53 2.26 1. 24
1 . 32 2 .52 2 .09






14 14 13 10
+".7 %
cy cle 134 135 1 36 137 138 139 140
--------------------------------------------------------
veh i c le
1 2.63 2 .23 1.26
2 1.68 1. 27 2.21
3 1.43 2 .46 1.33
4 1.21' 1. 35 1.37
5 2 .26 2 . 9 9 3 . 06
6 1 .68 1.37 1.56
7 2.56 2.93 1.13
8 1. 79 1. 4 5
9 1. 21 1.56
HI 3 .75 1.50
11 2 .13 2 .81
12 1.7 2 2 .43
13 2 .3 7 1 .79
14 1.7 3 2.66
IS 1.43 2 .53
16 2. 23 1.88

















2 . 07 1.56
1 .98 2.91
2 .5 1' 1.91
1.77 2.03
1. 7 9 1. 25
1.42 2.20
1. 6 5 1.71
2 . 59 1.79
1.14 1.01
2 . 6 B 3 . 54
1.43 1.39
1. lI' 3 . 81
3 . 52 1.43
1.38
0 . 99 2.1' 5


















cycle 141 142 1 43 144 14 5 146 14 1
vehicle
1 1. 49 1 .49 2 . 1 6 1. 9 9 1.43 2 . 3 5 1 . 26
2 1. 54 1. 55 1.27 3.49 2 . 23 1.60 1. 5 5
3 2 . 57 1.74 2. lJ7 1. 5 5 1.29 1.34 1.34
4 1. 45 2. 34 1.23 1.44 2 .51 1. 9 9 1. ~ f)
5 2 .94 1 . 53 1.75 1.73 2 . 11 0 1. 25 2 .1IlI
6 1. 39 2 .34 2.27 1. 5 5 1. 49 3 . 6 2 1. 94
7 1. 5 5 2 . 58 1. 71 1. 48 1.99 3 .42 1. 49
8 2 .52 1.82 1. 58 2 . 42 3.34 2. 54 2 .63
9 1.38 2.31 2.21 3.32 2 .54 2 .48 1.14
10 2 .9 2 2 .94 1. 51 1. 85 1. 61' 2 . 18
11 2.55 2. 41 2 . 13 2 .118 1. 27 L85
1 2 1. 71 2 .9 11 1.6 4 2. 16 1 . 6 3
1 3 2 .28 2 .94 1. 56 1. 38
14 1. 4 3 1. 31 1.7 4
1 5 2 .1'3 1.7 8
16 2.56 2 .17
17 2 . 34
1 8 2 .15
















no . o f




1 3 11 1 2
H'I .7%
cyc le "8 149 150 151 1 5 2 153 1 54
ve hi c l e
1 1.45 l.B0 1.90
2 1.67 1. 46 1. BB
3 1.64 2 .69 1. B3
4 1.23 2 .95 1. 51
5 1.62 1. 1 9 2. 12
6 1.79 3 .39 1.53
7 2.31 1. 41 1. 55
B 1.87 1.47 2 .9B
9 1.42 2.20 2 . 11


























3 . 12 2 . 29 1. 92 1.46
1.7 5 2 .23 2.49 1.83
1.67 1.44 1. e8 1.99
1.56 1. 91 2 .82 4.3B
1. 7 5 1.65 4. 38 2 .89
2 .21 1.74 2 . 41 2. 6 9
1.26 1. 7 8





















cyc le 155 1 56 1 57 1 58 1 59 16' 161
--------------------------------------------------------
vehicle
1 1.65 3.40 1.37 1. 82 1.75 2 .59 2.31
2 2.07 1.50 2.35 2 .41 2 .54 1,63 1 . 6 8
3 1. 13 9 1.95 1.12 2 .06 2.02 1.51 1.60
4 2 .24 1.65 1.56 1.30 1.68 1.14 1.89
5 1.41 1.94 1.69 1.73 1.75 1. 06 1.13
6 1.62 1. 83 3 .68 2.86 2.30 2.14 1.93
7 1.12 1.84 2 .33 2.22 2.1 4 1.59 2.61
8 2.25 2.54 1 .1 6 1.46 2.45 2.44 1.28
9 2 .77 0 .9 1 1.75 3 . 135 1.66 1.33
18 2 .80 3.64 2 .49 1.33 13 .97 1.31
11 2.e8 1. 64 1.64 1.13 1. 23 1.313
12 3.8 ~ 2.38 3 .03 1.09 1.91 1.14
13 2.03 1. 28 1.36 1.53 1.76 3.54
14 1.49 1.77 1.82 1. 99 4.72 1.76
15 1. 93 2 .14 1.55 2.11 1.68 2.1'5
16 1.1'4 3 .05 2 .87 1. /0 2.50 2 ..62
17 2.86 2. 40 1.82 1.96 1.89 2,, 36
1 8 1.21 2 .67 1.39 2.53 1 . 47
I ' 2 .11' 1. 11 2 .05 3.12 1.16
"
1. 67 3.1'0 3 .01 1.76 1.47
21 1.65 1.43 2 .46 1.56 1.38
22 2 .04 1.93 1.74 2.29 1.38
23 1.74 2 .53 2.30 1.18 0.91
24 2 .36 2 .51 1.1'2 2 .35 1. 15
25 1. 93 2.36 1 .85 1.59 1.98
26 0 .95 3 . 14 1.68 1.90 1.43
27 2.23 2. 71 1 .23 1.49 1.58
28 3. 53 1.95 1.32 0.99 2 .63
29 3.23 1.38 2.06 1.24 2.76
"
1.32 1.78 1 .22 1 . 0 4 2.33
31 1.24 1.27 1.92
32 1.81 2 . 01 2.01













cyc le 162 163 164 165 166 1 67 1 68
ve h ic l e
1 2.1n 1.34 1.7 5 2.07 1.59
2 2 .6 3 1. 47 1. 60 2 .08 1. 51
3 1. 33 3 .42 1.77 1. 49 1.5 4
4 1. 56 1. 51 1. 51 1. 57 1. 62
5 1. 67 1.25 1. 52 2 .17 2 . 33
6 1.36 1.77 0.98 2.81 1.72
7 1. 23 1.65 1. 67 2.53 2.86
8 2 .22 2 .65 2.29 1. 21' 1.1'6
9 2 .84 1.53 1 . 44 1. 68 1.62
1 8 1.98 1.68 1. 22 3 .36 3.09
11 2.04 1.71 1. 34 1.7 8 1. 26
1 2 3.00 2.39 2.24 1 . 38 2 .33
13 2 .6 2 1. 55 1. 23 1.48 3 .39
1 4 1.89 1. 81 3 . 17 2.66
15 1.62 2.85 1.14
1 6 1. 80 1. 38 1. 62
1 7 3 .7 4 1 . 21 1. 40
1 8 2 . 11 1. 25 1. 94
1 9 1. B9 2. 96 2.36




















1. 34 1. 69
1. 51 2 . 55
2.39 0 . 99
1.80 1.94
1. 2 2 1.88
2 . 09 1.3 0
1. 35 1.52
2.57 1.79
2 .4 2 2.88













19 13 1 2
"
Hl. 7%
cycle 1 6 9 1 70 171 172 173 174 17S
vehic le
1 2 . 41 2 .65
2 1. 62 2.85
3 1. 7 8 1. 84
4 1.98 2 .56
5 1.42 1.1 2
6 1. 56 1. 26
7 2 . 46 2 . 19
8 1. 54 1. 29
9 2. 34 2. 25



























1. 35 1. 68 1.23
1. 46 2.37 1. 83
1. 58 1. 48 1. 38
2 . 30 1. 25 1.71
1.20 1. 68 1.86
1.95 1.22 3. 66
1.3 4 2 .1'15 2 .32
1. 43 1. 34 1.61'1
1. 6B 1. 41 2 . 00
1. 93 1.96































cyc le 176 177 17B 17 9 I B' 181 I B2
vehic l e
1 2.26 2 . 0 2 2.21
2 1 .2 6 1. 51 1. 5 9
3 1.73 1. 0 8 1.87
4 2.65 1.28 1. 43
5 2. 95 2 . 91 1.5 8
6 1.0 2 1 .3 3 1. 55
7 1. 50 2 . 97



























2 .38 1.79 1.63 3.04
3 .0 3 1.43 1. 66 1. 68
2.64 2.rn 1. 92 1. 24
1.98 1. 54 1.3 8
2.1 0 1. 82 1.61
2.10 2 . 42 1. 94
1.28 1. 57
1.58 3. 3 b
1. 97 1.40
1. 22 1.5 0
1. 61 1. 96
1. 6 0 3.78
no . of






c ycle 183 184 1 85 186 1 87 1 88 189
ve hi cle
1 2. 54
2 2 . 10



































3 .2 3 1.69
2 . 40 2 . 19
2 . 0 3 1.71
1.14 2 . 43
2 . 40 2 .7 9








2 . 20 1.49
1. 34 2 .99
2 . 24 1.33
1.7 0 s . ai
1. 70 1. 96
1. 48 1. 85






































cyc le 190 191 192 193 194 195 196
ve hicle
1 2. 29 2 . 65
2 1.7 8 1.95
3 1. 84 2 . 51
4 0 .99 1.22




9 1 . 27
10 1. 31
11 2.4 5

























2 . 48 1. 40
1. 63 3.69
1 .07 2 .6 7
1. 39 1.58
2 . 04 1. 69
1. 35 1.1 6
1.17 2.80
4 . 27 2.46
2.24 1. 14
1. 37 2.0 6
1. 62 1 . 59















































1 2. 75 2 .92
2 1.15 1 .16
3 1.89 1.94
4 2 .12 2.93
5 2 .44 3 .14
6 1. 41 2 . 78
7 1.61 1. 37





























1. 43 1.13 1.B0 3 .1 B 2 .27
3.41 1. 47 3 .81:1 1. 53 1.62
1.38 2 .7 9 1.6 4 9 . 95 1. 25
1. 95 1. 73 1. 25 2 .39 2.37
2.39 1.63 1. 97 2 .9 7
2 .39 1.33 2 . 07 1. 07
1. 01 1. 27 2.37 1. 17
1. 42 1. 64 1.95 1. 54
2 .01 2 .44 1.25 2.09









cycle 204 2.5 2.' 2.7 2.' 2.' 21.
-- -- - --- - -- ------------- ---- - - -- - - - - --- -- - - -- - -- - - - -----
vehic l e
1 4 .0 3 2 .69 1.B 0 1. 86 2 ."'7 1. 5 4 2 .55
2 3 .95 1. "'3 1. 93 1. 26 1. B5 1. 34 1. 1 3
3 1.57 1.88 1.63 1. 7'1 1. 79 0.93 0.85
• 1.6 5 1. 60 1. 94 1. 6'1 2 .25 1. 57 1. 355 1.54 1. 88 1. 59 1. '17 1. 46 2 .85 2 .26, 1 .09 1.46 3.1 4 1. 43 1. 84 "'.89 1. 79
7 1. 44 1.313 1. B5 3 .39 i . as 2.23 1.67
B 1.33 1.B3 2 .3 5 2 .16 1.64 2 .136 2 .1'9, 2.45 2 . 44 1. 6 2 1.32 1. 74 3.03 1.9 4
1 . 2 .1 9 2.37 2 .97 1. 43 2."'6 1. 38 1.76
11 1.95 1. 44 2 . "'8 1. 63 1.68 1.97 2.25
12 1.58 1.29 1. 56 1. 84 2. "'2 2 .0'" 1.45
13 1.76 1.7 4 1.78 1. 91 1.1 6 2 .07
I. 2 .U 2 ."'5 1.79 1.77 1.58
1 5 1.61 1.60 2."'''' 2 . 0 0 1.00rs 1. 26 2.57 1. 29 1.51
17 1. 92 1.93- 1. 6 6 1.66
rs 1. 62 2.58 2 .47
i s 1.17 2 .96
2. 1. 7'" 2 .6 7
21 1.87 2 . 06
22 1. 5 2 1. 64
"
2 .17 4.13
24 1. 04 2.34
25 3 .40 2 . 15
26 1.77 1.65
27 3 . 1'1 1.30
2B 2 .4 B 1. 9 0
29 2 . 18 2 .31
3. 0 .83 1. 42
31 2 . 6 1 1. 7 9
32 2 . 10 1. 97









1 3 15 12
575
17 ra 33 32
HI .7%





















































1.25 1 .5 8
1.20 2.15
1. 21 3.75
2 . 14 1.53
1.53 1.64

























































17 34 13 18
+0.7%
cycle 21 8 219 "0 22 1 22 2 223 2 24
vehicle
1 1. 39 1. 99
2 3 .14 1. 67
3 1.34 1. 16
4 2 .8 2 1.6 7
5 1.36 1.33
6 1. 27 1. 68
7 1.1 8 2.59
8 1. 65 1. 57
9 1. 61 2.33
10 1. 40 2.25
11 1. 27
12 1. 22
13 1 . 41
14 1.6 5




















1.49 1.1 5 2 . 43 2.46
3 .36 1. 5 5 2 . 64 3. 02
2 . 70 2 . 19 1. 28 1.33
1. 45 1.47 1. 20 3.0 0
1.99 1.0 5 1.64 0 .94

























cy cle 225 226 227 228 22. 230 231
vehic le
I 2.58 2 . 99
2 2 .44 2 .6 1
3 1.23 2 .1 6
4 1 . 93 2.4 3
5 2.31 2.75
6 2.92 1. 89
7 2.93 3 .22

























3. 08 1.61 1. 69 1 .43 2.28
1. 34 1.61 1. 94 2.13 1. 3 4
1. 28 2.34 2 .35 2 . 2 9 1. 18
1. 46 1. 95 2 . 87 2 .27 2 .82
1. 88 LUI 1. 78 3 . 44 1.56
2.97 2.40 1 . 9 2 1.38
2 .7 5 2 .15 1. 40 1. 08
1. 2 3 3 .06 1. 62 2 .30
2 . 14 1. 52 1. 13 4 . 37
1. 7 8 2. 66
2 . 14 1 .65
1.93 3 . 14









c ycle 232 233 234 235 236 237 238
veh i c l e
1 2.79 1.87 1. 86 1.82 2 .21
2 1.84 1. 07 1. 57 1.86 2 .12
3 1 . 2 6 2 .66 1.78 1 .67 3. 89
4 1 .3 4 1.8a 1. 89 3.56 1. 57
5 1.41 1.73 1. 87 0.93 1.33
6 1 .62 2. 22 2 . 14 1.96 1.26
7 1.78 2.16 1.48 1 .5 7
8 1. 68 2 .18 2 .51 1 . 26
9 1. 78 1. 67 1.48 1 .5 7
10 1. 71l 2. 89 1.26 2 .62
11 loSS 1.92 1. 38
12 2 .iHI 2 .41
13 2 .92 2.6S






















1. 61 1. 73
1. 89 1. 8 4
2 . 86 l. S7






1. 94 1. 49









14 11 14 16
+0.7\
cyc le 23 . 24' 24 1 242 243 24 ' 24 5
vehic le
1 4.67 4.07 1. 5" 2 .93 1.74
2 1. 16 1 . 84 1.38 1. 54 1.74
3 1.28 1. 22 2 .04 1.63 2.18
4 1. 48 2.41 1.34 1.42 1.61
5 1.96 1.54 2 .12 2 .36
6 1. 7 4 2 .46 :!..85 1.98
7 1.41 1. 65 1.78 3.92
8 1.·0\4 1.61 1. 73 1.86
9 2.80 1.24





























2 . 41 1. 47
1. 30 2 .02
1. 44 1. 95
3 .80 1 .89
1.81 1.51
1. 45 2 .27
1.89 1.45
1. 68 1. 60











cyc le 245 246 247 24. 249
no . o f
250 cyc les
veh ic le
1 2.24 1. 71 2.07 2 .14 1. 29 2. 5 9 25.
2 1.61 2 . 39 1.14 1. 6 8 1. 80 1.39 25.
3 1.92 LIB 1. 31 2 .13 1. 66 1. 51 25 .
4 1. 47 1. 74 2.08 1.86 2.25 3 .14 24.
5 2. 92 1. 61 1. B4 1.86 1.49 1.87 245
6 1. 95 1. 56 1.72 2 . 60 1.57 1. 77 236
7 1. 89 2 .05 1.25 2. 95 1. 53 1.93 226
e 1. 51 1 . 49 1. 69 1. 35 1.36 2 .63 22.
9 2 .27 3 ..11 1. 7 9 1. 0 ~ 1.77 2.9
re 1. 45 2.4 3 2 .24 1. 65 2.3 4 1 9.
11 1.60 1. 88 1. 89 3.26 2 .25 1 79
1 2 l.Q 3 1. 7 0 2 . 01 2.41 1.55 162
13 1.59 1. 42 14 7
14 2.29 2 ..15 131
1 5 1. 49 2 ..27 11 5
16 1.5:' ,..
17 1.49 99
ra 2 .29 92

























+0 .7 \ me an +0 . 7\ HEADWAY
h ead s tand min max
cycle sees dev hea d hea d
-----------------------------------
vehicl e
1 2 . 1 3 9 .77 0 .91 5.69
2 1. 98 0.67 9 . 80 5. 75
3 1. 89 9 .69 0.85 4.9 2
4 1.85 0 . 58 9. 96 4.56
5 1.88 0 .61 0 .93 4.40
• 1. 84 0 .58 9 . 52 3 .9 17 1. 89 B. 6l 0 . 85 4 . 98, 1.96 0 . 66 9. 95 5 . 91
9 1. 95 9.62 0 . 80 4.31
ra 1.95 e . 67 0.78 5 . 32
11 2 .05 9 .7 8 0 . 81 4 .91
1 2 2 .l.'''1 0 .68 0 . 88 4.68
13 1. 95 0 .63 0 .96 4 .3 1
14 2 .07 0 . 71 1. 11 7 4 .72
15 2 . 11 0 .77 0 .90 5 .5 8
1 . 2 .02 9.72 0.64 4 .34
17 1.99 0 . 67 0 . 69 4 .11
18 2 .05 0.65 1.11 1 4. 14
19 2 . BiJ 9 . 74 0 . 75 5 .1 0
2. 1.95 9.69 1. III 4.44
21 2 .83 0 . 711 0 . 71 3. 80
22 1.91 0 .72 0 .9 9 4 . 55
23 1.91 0 . 70 1'. 91 4 . 20
2' 1.9 4 0 . 71 0 .85 4.39
25 2 . 07 0. 73 0 .75 4 .8 1
2. 2 . 09 0 . 77 0 . 95 5 .29
27 1. 86 0 .6 5 0 .93 4 . 26
2' 1. 97 0 . 75 0 .99 4 . 24
29 2 .07 0 .65 1.09 3. 74
3. 1. 68 0 . 61 e.7 11 3 .56
31 2 .95 0 .95 1.19 5 .99
32 1.74 i'J. 51 1.93 3 . 18
33 1.1 9 e .4 5 i'J.92 2 .68
34 1.91 0 . 85 0. 84 3 .4 3
35 1.09 0 .14 0 .95 1. 23
3. 1.19 0 . 02 1.17 1. 21
37 1. 67 0 .00 1. 67 1.67
--------------







1 1.90 1.53 2 . 1 0 2.34 2 .06 2 .00 1.75
2 2.35 2 .15 1.93 2.31 1. 10 1.89 2.43
3 1. 81 1.62 2 .3 1 2 .98 2. 37 1.91 2 . 31
4 1. 19 3.33 2 .13 1 .04 1. 27 0.92 1.52
5 2 .66 1.50 1.32 2 .20 1. 36 2.95 3 .10
6 1.50 1.24 1 . 17 1 .75 1.41 1.28 1.81
7 1. 8B 1.07 1.89 3.54 1. 77 1.46 2 . 19
8 z.aa 3.11 1.36 2.44 1. 20 1.34 1.23
s 1.66 2 .64 1.08 2. 14 2. 33 1.08 1.62
ra 2 .99 1.90 0 .86 1' .93
11 2 . 46 0 .43 3 . 06 1. 21
12 l.04 1. 83 2.09 1.51
13 1.64 3.94 1.133 1.17
14 1. 37 2.46 2.72
15 1 . 13 1.63 1.23
16 1.19 1.65
17 1. 39 0 .95






















1 5 13 1 7
+3.'"
c ycle 1 . 11 1 2 13 14
------------- ------------------------------~------------
vehicle
1 1. 38 2 .62 1.32 1.22 1.34 1.6 4 2.17
2 2 .118 l. IB l.74 1 .52 ].49 l. 1 6 1.83
3 1 .34 1.20 1.07 1.23 1 .03 2 .42 1.6 2
4 1. 35 2 .31 1 .44 1. 35 1 . 32 2 . 41 1.95
5 2 .09 3 . 04 1.06 1.82 1. 25 4 .62 2 .13
• 2 .94 2 .38 1.90 1.17 1.25 9 .96 1.697 1.24 2.94 1.6 0 1.43 1. 82 1. 5 e 2.29, 3 .86 1. 59 2 . 75 2.28 2 .37 1 . 25 1.6 2
9 1. 25 2 .52 1 . 25 1. 33 2 .59 2 . 14 0 .97
1 . 2 . 53 1. 35 1.87 2. 57 1 . 4 2 1.7 6 1. 88
11 1. 81 1.64 1 .37 2.10 1.37 1.24
12 1.3B 1 .14 1.31 1. 24 1.137 1. 67
13 0 . 92 1.45 1. 50 1 . 7 0 1.99 2 .47
14 1.7B 1. 71 2 .07 1. B0 3.42 2.22
1 5 1. 53 2.20 1. 54 1. 3 0 1 .97
rs 0 . 86 1. 81 1 . 4S 1. 37 1.57
17 1.61 1. 80 2.36
1 . 2 . 31 1.S4 1. 31
















------------ ~ ----------- ---------------------- ----------
no . of




cyc le 15 16 17 16 1 9 20 21
veh i c le
1 2 .36
2 2 .28
3 1 . 63
4 2 .0 0
5 2 . 21
6 2 .70
7 7 .3 9
8 1 . 39
9 1. 95
10 1 .7 0
11 1 . 63
12 2."'8


































































































































no . o f
ca rs pe
c yc l e
13 23 19
5B5
1 3 13 29 14
+3.n
cycle 22 23 24 25 26 2 7 2 8
vehicle
1 2 .35 1. 97




6 1 . 59 1. 29
1 L 81 1.64
8 1.50 1. 43
9 1.61
10 1. 65
11 2 . 88






















2.68 1 .29 1.7B
2 .54 2 . 49 2 . 11
3 . 83 1.56 1.89
1.56 1.98 1.4 3
1.77 1 .96 1.43
1 .72 1 .82 2 . 27
1.64 3 . 38 1.43
1.56 2. 54 2. 0 3
2 . 91 L18 2. 68















1. 68 1. 61
1 . 26 1 .41




















veh i c l e
1 2.50 1.24 2.71 1,56
2 2.11 1.52 2 .65 1.37
3 1.44 2.68 2.21 1 .33
4 1.77 1.89 2 .51 1.66
5 1. 86 1.38 1. 09 1.37
6 3 .46 1. 44 3 .43 2.36
7 1.50 1.63 1.52 1.94
8 1. 19 1.23 1.13 2.37
9 1.69 2 .15 3.23 1.63
10 3 .38 2.22 1. 43 2.09
11 1. 46 1.43 1.72 1. 62
1 2 1.70 1.23 2.66 1. 9 9



















2 .39 1. 66 1.61'1
2 .50 1.23 1.70
2.28 1.15 2.36
1.24 1. 70 1.59
1. 84 1.66 2.61
2.92 1. 49 2.23
1. 25 2 .22 2.77
1. 27 1.54 2 ..57
1.14 2 .27 1.24
1. 6 8 1.38 2 .74
1 .36 2.22 1.47
2 .64 2.11








cycle 2' 13 1 2
587
1 2 18 11 13
+3. " \
cycle 36 37 38 39 48 41 .2
vehicle
1 1.57 1.89
2 1 .92 1.99
3 1.94 2.26
4 2.29 2 .96
5 1.94 1. 93
6 1 .96 2 .38
7 1. 95 1.47
8 1.51 1 .61
9 1.a8 2 . 94
10 1.84 1. 20
11 1. 48 1.4 5
12 2 . 36 1. 25
13 0 . 95 1.96
14 1.52 2. 113
15 2 . 86 0. 82
16 1. 51 2 .92
17 1.79 1. 34
18 1. 88 1. 56















1.70 3.3 8 1. 42 2 .33 1.48
1.88 2.59 1.41 3. 23 2.28
1.72 1.92 1.19 1. 66 2.87
1.09 1 .44 1. 47 1.27 1. 19
1.17 2 . 14 1.56 1.43 1.32
2 .94 1. 26 1. 9 8 1.46 1. 27
2 .1 2 1.43 2 . 14 9 .99 2 .95
1.36 1. 7 5 1. 45 2 .93 1. 27
1.45 2.15 2.83 9 .B4 1. 96
2 . 18 1. 53 1.48 1.16 1. 46
1. 44 1 . 48 2 .130 1.69 4 . 95
2 . 11 1 . 27 1. 88 1.63 2 . 78
3. 34 1.1 6 1. 69 1. 42
1. 25 2 . 27 1. 50 1. 49
1.57 2 . 07 1. 57 2.76
1. 59 1 . 52 1.55
2. 18 1. 2 8
1. 25 1.5 9
1.48
no. of




19 18 15 12
+3 .ln
cycle • 3 .. .5 '6 .7 4B .9



































1 .60 1 .67
2. 14 2 . 71
2 .B0 1.46
1. 7 5 1. 2B







1 . 71 1. 4 lJ
1.67 2 . 06


















































































c ycle 50 51 52 53 5. 55 56
ve h ic l e
1 1. 54 1.41 1.84 1 .74 2 .95
2 1.31 2 . 23 2 .U 1.53 1.67
3 1. 43 1.92 1.41 1 .56 1.83
4 3 . 88 1.22 1. 22 1.95 2 . 83
5 1.91 1.83 2 .26 1.59 1. 47
6 1.48 1.34 1.79 2 . 25 1.7 0
7 1.76 1.61 3 .91 1.74 1. 89
8 1.68 1. 32 1.14 2 .37 4 . 10
9 1.74 1.13 1. 27 1. 46
HI l. 18 2 .73 1.69 2 .21
11 1.71 1. 40 1.40 1.78
12 1.42 1.52 1.82 1.34
13 1.19 1. 7 8 1.66 1.11
14 1.64 1.12 0 .72 3. 57
15 1.9 2 1.09 1. 40 1. 05
16 2 . 30 1.68 2 .08
17 1. 27 2.66 1. 86
18 1.27 2 .B0 1 . 52
19 1.3 4 2 .B2 1 . 19
211 1.06 1. 54 1.64


















3 .25 1. 54
1.43 1.39
1.86 2 . 56
2 .07 1. 21
2 .64 1 . 38
1.76 1. 55
2.82 2.10




















1 5 14 27
--------------------------------------------------------
+3 . 0\
cycle 57 58 59 .8 61 .2 .3
--------------------------------------------------------
vehi c l e
1 loU 2 . 17 1.46 2.14 i .as 1.76 r.sa
2 1. 52 1.7 3 4 . 17 1. 88 3 . 68 1.74 2 . 42
3 1. 64 2 . 33 1.7 e 1. 54 1. 27 1.13 1.74
4 2.5 2 1 .63 1.39 lo s e 1. 63 1. 48 1.49
5 1. 82 1. 46 1. 97 1.1 8 1 .se 1. 55 1. 5 9
• 2 .74 2.24 2 . 92 2 .59 1.4 2 1. 46 1. 447 2.81 1. 63 1.1 4 2 .86 1. 5 2 1. 57 1. 44
8 1 .4 3 1. 37 1 .4 8 2 .43 1.59 2 . 42 1. 59
9 1. 53 2 . 81 1.7 6 1.76 1. 3 9 1. 53 2. 4 81. 3. 53 1. 51 1. 2 3 1.96 2 .57 1. 35 1. 66
11 1. 57 1. 65 3 .28 2 .31 2 . 16 1.66
1 2 1.31 1. 7 2 1. 6 9 1. 7 8 3 .28 1.9 5
13 1 . 59 1.76 2.'' 2 .28 1.52 1. 60,. 1. 55 1.36 1.45 2. 19 1.70 1.1 6
15 2 .63 1.7" 2.31 1. 28 1. 81I. 1 . 54 1.17 1. 88 1. 6 7 1.33
17 1. 48 1 . 93 1 . 7 3 3 . 32 1. 07
18 1. 13 1. 50 1. 7 4 1.45 2. 61
19 1. 63 2 .83 1. 24 2 . 38 1. 14
2. 3 .4. 1.53 1.85 3. 55 1. 62
21 1. 31 1. 58 1.87 1. 2e
22 1. 10 1 .9 1 1.60 1 . 64
23 1 .87 2 .9 4 1 .51 1. 91
2. 2 ."3 2. 5 9
25 2 . 12 1.86










n o . of
ca rs pe 29 23 2. ra 23 2.
"cy c l e
591
+3 . 13%
cycle 64 65 •• 67 . 6 69
"
vehic le
1 1.87 1. 59
2 2 .2 1 3.54
3 2 . 47 1.04
4 1. 48 r.as
5 2 . 05 2. 49
6 2 .40 1. 59
7 1. 67 2 .23
8 2 . 23 1 . 56
9 1.36 1 . 27
19 1.47 1. 25
11 1.6 4 1 . 06
12 1.6 0 1. 71




















2.0 2 1. 2 0 2 .94 1.72 2 . 23
1.51 1. 3 3 2 . 29 2.15 1.4 2
1.42 1. 56 1 .31 2.33 1.73
1.40 2 .05 1.4 5 2. 19 2. 11
1.28 2 . 33 2 .58 1.6 5 1.1 5
1. 57 1 . 50 2 .31 1.96 1.26
1. 29 1.44 1 .1 8 2 . 38 2 .34
1.4 2 1. 51 1. 7 0 1.67 1.41
1. 86 2 . 6 4 0. 97 lo 5B 3.25
l.B7 1. 55 2 .7 8 1. 92 2 .9 3
1. 1 3 2 . 16 1. 28 1. 23 2 .3 7
1.47 1.5 5 1. 77 1.58 9. 96
1.64 2.91 1.38 1.66 1. 71
1.67 2 .99 1.82 1. 16 1.94
1. 77 1 . 84 2. 11 1. 29
2.08 1 . 56 1. 47 2 .43
2.21 1.71 1.31 2 .43
1.54 1 .4 5 1.60 1.7 3






no . o f




24 14 2. 19
+3.0%
cy c le 78 79 8. 81 82 83 84
veh icle





6 1. 2 2
7 1. 5 3
























2. 3 2 1. 64
1. 9 4 1. 85
2 . 92 1.77
1. 51 4.46
3 .00 1. 33
1. 59 1.67











































cyc le 71 72 73 74 7 5 7 6 77
veh i c l e
1 1.73 2.93 1. 34 1. 55
2 1.76 2 .95 1.29 2.17
3 1. 51 3 .4 6 1. 29 1.36
4 2 .83 1. 45 1.42 1.54
5 1. 49 1.56 2 . 71 1 . 81
6 2 .01 2.59 1. 84 1.96
7 1.35 2 .56 1. 88 1.50
8 1.55 1. 74 1. 51 1 .46
9 1. 69 2. 30 1.61 2 .1 2
11 1 . 15 1. 46 1 .84 1.15
11 lo s e 1. 23 3 . 19 1. 94
12 2 .U 1.19 1. 46 2 . 11




















1.93 2.39 3 .21
1.78 1.43 1 . 55
1.32 1.66 1.411
2.75 1. 91 1 . 38
1 . 54 1 . 9 9 1. 29
1.86 3 .46 1. 68
1. 25 1. 44
loU 1.77
1. 45 2 . 96
1.39 1. 78












13 13 1 6
593
13 11 1 9
+J.n
cycle 85 86 87 88 8. .8 .1
veh icle
I 1. 38 2 . 07 1. 85 1.. 95 1. 71 1,4 8 1. 69
2 3 .4 3 1.7 4 2 .25 1 .39 1. 72 2 .65 2.21
3 2 . 3 4 1. 04 2.41 1 . 59 2.52 2.46 1. Bl
4 1. 83 1. 73 2 .34 1. 28 1. 57 1, 41 2 .36
5 1. 20 2 . 03 2 . 28 2.30 2 .3 3 2 .03 1. 38
6 3 .40 1.76 2 . 89 1.66 1. 64 2 .9 3 1. 30
7 1. 34 1. 21 2 . 44 2.56 1. 38 1. 44 2 . 19
8 1..0 2 a.ai 2 .57 1. 63 2 .00 1.7 4 1. 43
• 2.27 1. 90 1.82 2. 17 1.16 2 .39 2 .9 1I ' 2 .34 1.4 0 1.7 9 1 . 24 1. 98 2. 18
11 1.06 1. 27 1.45 2 . 15 1.42 1, 67
12 3 . 2 4 1.49 1.59 1. 29 2 .04 1. 81
13 3 .03 1. 10 1.14 1.88 1.16 2 .00
14 1. 63 1. 3 5 1. 97 2 .7 8 1. 83
15 1.95 1. 79 1. 66 1.42
16 1. 30 1. 35 1. 65
17 2 .5 8 1. 51
18 1. 72 1. 69
as 3.B8 1. 84
2' 2. 76 1. 26
21 1 . 20 1. 92



















cycle 92 93 94 95 9. 97 9.
vehicle
1 1. 42 2 . 15 1 . 47 2 .14 2.5 8 1. 5 4 2. 7 2
2 1.4 6 2.52 1.6 6 2. 40 1.41 2.55 1.56
3 2 .64 1. 60 2.48 1. 53 1.43 1. 93 1.7 8
4 2 .11 1.43 1.41 1. 48 1.63 1. 84 1 .60
5 1. 66 1.44 2 .00 1.96 1.70 1. 71 1. 84
• 1. 80 1. 44 1.55 1 . 29 1 . 43 1. 43 2 .637 1. 24 3. 1 11 1.92 1.57 2.02 1. 58 1. 37
• 0. 88 1.17 3.0 9 2 . 09 1 . 22 2.52 1.129 1.11 1. 59 1.7 4 1.35 1.16 1.4 2 1.94
ra 1.45 1. 7 4 1.04 1 . 84 2 . 20 1. 54 1. HJ
11 1.11 3.32 2.28 1. 90 1. 64 1. 53
1 2 3 . 56 2 . 07 2. 55 1 .4 3 1. 8 5 1. 7 9
1 3 2. 58 1.99 1. 41 2 .12 1.41
14 2 . 46 1.47 1 . 17 1.96
1 5 2 . 81 1. 49 1 . 1 6
1 . 1.50 1.64 1. 32
17 2 .8 1 1 .36 1. 4 4
18 1. 84 1.91 1. 60
19 1. 50 2 .23
2 ' 1.33 0 . 94
2 1 1 . 17 2 .78
22 1 . 49 1 .59
23 1. 11 1.13













c yc l e
1 2 1 3 14
59 .
1. 24 10 2 4
+3 .0%
cyc le 99 ,.. rai ,.2 ,.3 ,.. ,.5
ve h i cle
1 1. 67 1. 56 1. 57 1. 43 2. 38 1.32 2.22
2 2.5e 1.86 1. 39 L SI' 1. 7 5 1. 23 2 .e B
3 3 . 02 2 .11 1. 93 2.2e 1. 34 1. 83 1. 44
• 1.4e 1 .88 1 . 83 1 . 4'1 1. 98 1. 53 1 . 625 2 . 97 2 . 05 1. 41 1.3e 1. 68 1.53 1. 08
• 1.21 1. 6e 2 . 24 2 .B3 i .ss 2 . 6 4 1.637 1. 65 1. 36 1.66 1. 72 L B7 1. 48 2 .46
8 2 .45 1. B4 2 . 15 2 .75 1. 99 1. 0 B 1. 53
9 1.19 1.99 1. 43 1. 36 1.50 1. 51 1.1 2
"
2 .29 1. 67 1. 52 3.92 1. 61 1. 72 1.7 5
11 1.03 2 .0 1 1. 37 1.68 2 . 38 1. 27
12 2. 30 2 .33 1.53 1. 51 1.08 0 .94
13 1.40 1.50 2 . 16 1.41 2.85 1.82
14 2.06 1. 83 1. 22 2. 34 3 . 12
1 5 1. 73 1.71 9 .97 e . 91
1. 1 . 95 1. 6 9 1. 51 3 . 11
17 2 . 24 0. 38 '1.98
1 8 1. 43 2.46 1.1 2
as 1. 34
2' 2.50

















1 8 13 22
597
10 rs ,. 1 8
+3 .'"
c ycle 10 6 187 "8 189 118 111 11 2
veh i c l e
1 1. 3 1 2 . 36
2 1. 64 1.89
3 1.91 1.48
4 1.6 3 1. 41
5 1.42 1.69
6 2 . 05 1.60
7 1. 59 1. 98

























1.65 1. 68 2 . 8B 1.66 1. 68
2.44 1 . 28 1.36 3. 41 1.11
2 . 61 1.18 1. 58 1.64 1. 3 2
1. 19 2.35 1 .14 1.86 2 . 46
1.14 2 . 11 2.52 2 .74 1. 53
1.94 3 .14 0.45 1 .2 5 1.94
3 . 23 1 . 95 1. 88 1.4 0 1 . 50
1. :)3 1. 51 1.35 1. 87 1. 95
1.84 1. 29 1. 95 2 . 41 1. 73
1.91 1. 5 2 2 .33 1.62
2 . 15 1. 03 1. 34 1.93
1.17 1.3 5 2.69
1.48 1.4lil 1. 51
2 .01 1.09 2.67
1.65 1. B6 1.52
1.10 1.41 1.6 3
1 . 66 1.B7 1.95
1 . 28 1. 10 1.65
1. 76 1. 42 1. 51






28 2' 11 21
+3.0%
cycle 11 3 11 . 11 5
"'
117 11 8 11'
--------------------------------------------------------
ve h i c l e
1 1 . 29 2. 213 1. 913 2 .5 4 1.17 2 . 32 1. 29
2 1.41 1 .82 1. 49 1.11 1 .44 1. 23 2.1 8
3 1.1 6 2.74 1.82 1 .57 1 . 62 1.92 1. 313
• 2 .4 3 1.37 1. 42 1. 83 1.51 2 .31l 1. 575 2 . 51 l. 83 1.74 2 .26 2.27 1.31 1. 46
s 1 . 27 1.83 1. 31 2 .3 4 1. 53 2 .21l 1.36
7 l.00 1. 22 1.19 0 .98 1.73 1. 57 1.75
8 1 . 79 2.88 1. 15 2.30 1.7 0 1. 33 1. 93, 1. 66 1.72 2.09 1. 01 1.38 1.16 3 .4 0
"
1.81 1.66 1.46 1.13 1. 1 9 1.95 2. 53
11 2.32 1. 66 1. 26 1.56 0 .93 1. 27 1.18
12 r.as 2.95 1.1 5 1.64 1. 23 1.57 1.82
13 1.70 2.32 1.12 1.1 4 1. 44 1. 49 1l.8 9
14 1.24 1. 52 2 .50 1.09 0 .88 2.49 1.46
15 2. 46 1. 38 2 .45 2 .013 1 . 93
rs 2.9 4 1. 24 1.15 1.IHI
17 2 .94 2 . 93 1.58
18 1.35 1. 00 1. 39
"
1.65 1. 36 1.31
2' 1.6 9 1. 28
21 1.16 4.36
22 1.71 1. 48


















19 14 15 14
+3. 8\
c ycle 1 20 121 122 1 23 124 125 126
vehicle
1 1 . 37 1.17
2 2 .46 2 .10
3 1 . 21 1 .60
.. 1.51 2.36
5 1. 69 3 .19
6 2 .85 1. 53
7 1. 93 1.46
8 2 . 97 1.68
9 2 .41 1. 47
19 2.48 1. 81
11 2 .37 2 .49



















2 .31 1. 53 1 . 3 9
1.78 1. 48 1.4 3
1.1 5 1.70 1 . 23
1.88 1.67 1. 10
9.54 1. 91 2. 17
2. 34 1.41 1. 47
1.6 2 1 .1' 5 1.7 5
1.18 1 .6 1 1.58
1.7 9 3 . 19 1 . 57
1. 39 1.11 1.27
a.a i 1.86 1.89
2.61 1.96 1.17
1. 45 1.93 2.85
1.6 5 1.5 4 2.63
























ca r s pe
cycle




cycle 127 1 2 . 12' 13' 131 132 133
vehicle
1 1.23 1.37 4 .29 2.60 2.05
2 1.36 1.6 9 1. 14 1. 54 3.78
3 1.10 1.78 1 . 50 1 .47 0.99
4 1 . 14 2. 14 2 .62 3.49 1.32
5 1.26 1.63 1. 00 2 .B5 2.U
6 2 .30 1.29 2 .27 1 . 32 1.64
7 1.19 2 . 12 1.30 1. 54 1. 05
8 1. 05 3 .00 2 .17 2 .25 1.57
9 2 . 14 1.99 1.7 0 2 .2 1 1. 23
1B 2 .44 1.7 4 1. 51 1.33 1.43
11 2.56 1. 4 2 0 .90 l. 51 2.25
12 1.51 1.19 l.16 0 .92
1 3 1.43 1.40 1. 21 1.79
14 2 .06 1.55 2 .28 2 .20
15 1.43 1.52 1. 22 1.B6
16 1.76 2 .83 2. 14 1.43
17 2 .23 l. BB 2 .34
18 2 .37 1.97
19 1.32 1.82

































16 26 16 15
+3 .'"
cycle 13 4 135 136 137 13 8 130 148
veh icle
1 2 .lJ9 1.21
2 8 .95 2.17
3 2 .2 9 1.35
4 2 .36 1.39
5 1.41 2.12
6 1 .3 8 1. 5 8
7 1. 80 1 . 31
8 2 . 18 1. 57
9 1 .3 2 1. 34
113 1. 28 '.4 4
11 1. 81 1.9 B
12 1. 14 1. 33
1 3 1.33 2.49



















1.62 2 .78 1. 42
1. 35 1.37 1.54
1.58 2 .28 2.88
1.7 3 1. 59 1.76
1.54 3.06 L46
1.49 1. 82 1.44
1.41 1. 55 1. 69
1. 89 2 .22
2 .80 1.77
1. 23 1.58
1. 0 8 1. 69
1. 93 1.43
3 .37 1.71
1.37 2 . 12
1.7 9 1. 88
1. 53 L 7 1
1.19 2 .86












cycle 141 142 14 3 144 145 146 14 7
vehicle
1 1. 52 1. 77 4 .07 3.17 1.48 1.17 3. 01
2 2. 12 L 81 1. 59 1. 40 2 .31 2 .71 2 .55
3 1. 49 1. 34 2 . 01 1 . 82 1.92 1. 65 2.63
4 0 .95 1.18 1. 53 1 .47 1 . 45 3 . 18 2 .54
5 1.62 1.49 1. 22 1.19 1. 43 3.74 2 .21
6 1.68 1. 42 0.78 1 . 90 2.34 2.37 2. 10
7 1. 1'9 1.54 1. 49 1. 74 1. 54 1.40 1. 02
B 2 . 19 2 . 11 1. 68 1. 32 1. 47 1. 33 1. 53, 2 . 15 L 81 1.80 1. 80 1. 48 l.83 L 5 9
10 1. 67 2 .96 1.45 1.01 1. 29 1.47 2 .80
11 1 . 44 2. 18 2 .58 2.22 2 . 31 1. 21 1.55
12 1. 75 1 .93 1. 99 1. 89 2 .3 1
1 3 1. 39 1. 59 1. 93 2 . 04



























11 14 1 4 12
+3 .9%
cycle 148 149 ,,. 1 51 152 153 154
vehicle
1 1.85 1.94 2.29 1.25 2.33 2.74 1. 93
2 2.44 1. 38 13.68 1.28 1.45 1.53 1.92
3 1. iii5 4 .1i16 1.7 3 1.37 1.89 1.57 13 .95
4 1. 50 1.79 2.80 1.55 2.92 9.96 1. 69
5 1. 53 1.79 1.81 1.74 1. 94 2 .92 1. 93
6 3.51 2.15 1.37 1.63 1. 74 2. 35 2.55
7 2.66 1.68 1.81 I' .88 1. 16 2.93 1.65
8 1.29 2 .64 1. 23 1. 79 1.78 2.56 1.17
9 1.55 2.05 LUI 1.54 1. 85 1.54 1.68
10 B.95 3 .31 1. 39 2. 15 3 .22 1. 18 1. 45
11 1. 19 1.15 1. 38 1.41 1.97 2.36 1.63
12 1, 25 2.05 1. 52 1.76 1.89 1.49 1.84
13 2. 13 1.51 1. 15 1.57 1.43
14 1. 61 1. 47 1.68 1. 25 1.54
1 5 1.92 1. 54 1. 38 2.27
16 2.0 9 1.86
17 1.28 1.4 8


























cycle 1 55 1 56 1 57 1 58 1 59 16' 161
vehic le
1 1. 33 2. 14 1. 6 " 1. 137 1. 29 1. 41 2 ."7
2 1. 24 1."7 1 . 76 1. 3" 2. '11 2 .46 1.92
3 1. 1" 2 . 4" 1 .42 3. 64 1. 97 1.78 1. 78
4 1. 5 4 1.37 LSI 1. 82 1 . 48 1. 38 1. 38
5 1." 7 1. 01 1. "7 1 . 51 1. 93 1.77 1.77
6 1. 7 9 2 .97 1. 43 1. 7 8 1.9 " 1.73 1. 73
7 1. 6 iii 1.19 IiI . 93 1. 53 2. 53 2 . "9 2 .1'9
8 3 .60 1. 83 1. 59 1. 55 1.33 1.6 iii 1. 60
9 1.1 3 2 . 18 2 .213 2. ,,3 1. 56 1.11 1.11
10 2 .07 2 . 88 1 .14 1. 7 3 1. 41 1.54 1. 54
11 2.1i13 1 . 38 1.92 2. 76 2 .14 2 . 14
1 2 1.38 1.65 1 .86 1. 99 1.99
13 1. 71 1. 54 2 .00 3. 38 1. 97
14 1. 32 2 . 06 2 .30 1.91
15 1.47 1.41
1 6 2 .30 2 . 12




















11 16 14 13
+3 .8\
cycle 1 '1 162 163 164 1' 5 166 1'7
v ehi c l e
1 2.91 2. 36 1.73
2 1. 92 1.7 8 1.98
3 1.7 8 1.44 1.33
4 1 .38 1.26 1.64
5 1.77 2 .25 2 .3 3
6 1 .73 1.69 2 .17
7 2 .09 1. 85 1.78
8 1. 68 2 .04 1.7 9
9 1.11 1.69 1. 67
10 1. 54 1. 48 2 .95
11 2 .14 1.41 1.49
12 1. 99 1. 22 1. 52


















1. 82 2. 30
2 . 69 1 .73
1.03 1 .7 8




1. 39 1 .41















































cycle 168 169 17' 1 7 1 17 2 173 174
vehicle
1 3. 46 2.74 1.80
2 3.26 1 .4 9 1.84
3 1. 46 1 . 76 1.52
4 1 . 49 1.09 1.68
5 1. 58 1.67 1. 25
6 1. 51 1. 36 2 .06
7 1.82 3.63 l. 18
8 1. 35 1. 64 2 . 06
9 2 .40 1. 51 2 .11
HI 2 .10 1. 13 2.17
11 1. 68 1. 43
12 1. 09 1. 36






















1. 5 8 1. 73 1. 9 5 1.29
1. 8 8 1 . 9" 2.36 1 . 77
1.7 7 1 . 61 1. 3 0 1 . 71
1.88 3 . 91 1.89 1.14
l. 40 1.75 3.06 2 .0 3
l. 32 1 . 12 2.43 1. 39
2 .40 1. 39 1. 27 1.66
1.47 1. 01 1. 61 1.41
1.38 1.12 1. 0 5 1. 29
1.17 1. 99 2.40 1.28
1.07 2 .0 8 1. 06 1.23
1. 53 1 . 742.131.38
1. 20 1 . 84 1.54 2 . 67
1.55 1. 19 1. 2 6 3.30
1.46 1. 85 0 .88 1. 52
2 .81 1 . 29 1.59
1. 41 1. 7 6
1. 84 1.46











10 15 1 3
607
1 6 26 1 9 1 5
+3 .0\






























































































































































cycle 182 183 184 1 85 186 187 188
veh icle
1 1. 43 1.94
2 9.99 9.82
3 3.88 1.76
4 1. 53 £1.91
5 1. 53 4 .10
6 2.81 3 .25
7 2.24 1. 85
8 1.37 2 . 12
9 1. 49 1 . 64



























1 . 66 2 .40
1.40 1.64
2.69 1.90











































































1.27 1. 57 1.1iI8 2.73 2 .41i1 2.21
1.23 1.55 0.92 1.24 lo21i1 3 .70
2.21 1.92 1.77 1. 7 9 l.l'!9 1.33
2 .4l'! 1 .79 2.l'!7 1 . 54 2.10 1.36
2.53 2 .34 1.87 2.08 2 .78 1.40
1.71 2.03 1 . 38 2.24 1. 66 1.7)
2.28 2 .72 2 .2 6 1 .38 1.96 1.68
2 .l'!9 3.46 1 . 46 1.39
3.60 1.22 1.17 2 .57
2 .70 1.4 1 1.42 2 .55
1.56 1 . 61 2.12
1.28 1.67 2.45












cycle 195 I" 197 198 199 ". 2.1
vehi cle
1 2 .21 1.67 2. 83 2.79 1.37 1.24 1.92
2 3 . 7 8 1 . 51 1. 56 1. 66 1.13 1.31 2.38
3 1. 33 1.76 1. 77 2 .77 1.87 2 .10 2 . 8 5
4 1. 3 6 2 . 66 2.18 1. 47 1. 82 2 . 35 2. 16
5 1.48 1. 59 1. 61 1. 28 3. U i .as 1 . 51
• 1.71 1. 35 1. 85 1.38 1. 38 3 .39 1. 577 1. 68 1.1 2 1. 26 1 .33 1. 89 1. 62 1. 46
8 2 . 37 1.44 1. 44 1. 04 1. 85 1.18
9 2. 67 1.42 1.34 2 . 03 1.17 1.6 5
1. 1.34 2 .6 0 2 . 85 2 .08 1.4 2 1. 54
11 2 .7 4 1. 44 1.83 1.1 0 2 . 12
1 2 1.48 2. 03 1. 32 1.85 1.14
13 1. 89 1. 88 2 . 37 1. 88
14 2 .0 3 2 . 20 1. 44 2 .5 6
1 5 2.75 2 .B 8 1.4 4
16 2 .3 0 1.21
17 2 .5 5 1. 41




22 2 . 19
23 1.71
24 1. 33















1. 27 15 1 2
+3. 0%









8 1 . 06




1 3 1. 8 0
1 4 1.30

















2 .16 1. 46 1. 10
2 .14 2 . 01 1.43
1. 85 1. 35 1. 43
1. 41 1.72 2 .21
1. 17 2 .13 1.28
2 .86 1. 48 1. 43
1. 67 1. 91 1. 19
2.71 1.67 1. 91
1. 92 1. 23 2 . 2i1
1. 70 2.22 1. 65
1.46 0 .99 1. 85
1.73 1.23 1. 51
0 .88 2 .19 2.65
1.83 4 .07 1. 51
1.46 1.47 1. 04
2 . 21 1. 21 2 .14
2.00 1.4 1 1. 28
1.66 1. 89 2. 35
1.09 1. 20
2 .70 1. 12
1. 10 1.44
1.24 3 .20














1. 39 2 . 18
2 . 16 2.15
1. 99 1.78
2 .07 1. 35
2 .45 1.26
2 . 49 1. 7 3
1. 39 1.75




1. 65 1. 67












































1.48 1.~8 1.90 1. 56 3.13 2 .62
2.25 1.13 1.77 1. 40 1.18 1.70
1.67 2 .24 2.70 L 77 2 .55 1. 80
1.75 1.58 1.85 1 .50 2.06 1 .40
1.46 2.18 1.32 1.74 1.91 1.63
1 .55 1.17 1.48 2.07 1. 29 1.90
2.52 1.31 1. 2 5 1.66 1.53 2 .13
1.66 1.46 2 .70 1.26 1. 1'7 1.55
1.42 1.14 2.41 2 .18 1.10 2.25
2.57 1'.93 1.32 1.82 1. 7 9 1.33
1,70 1.56 1.42 1. 37 1.32 1.11
1.41' 1. 44 1.53 2.65 2 .16












13 13 13 12
cyc le 216 217 218 219 220 221 222
vehicle
1 1.37 2 . 37 2. 49 2.02 1. 6 3 3.00 1. 57
2 1. 82 2 . 34 2 .28 1 .B 8 1.73 2. 14 2.25
3 2 . 60 1.21' 2 .55 1. 23 1. 98 1. 31 2 . 11
4 1. 05 2 .14 1. 74 1. B7 1.4 2 1.48 1.3 4
5 1. 94 2 .75 1. 16 2 . 78 1. 70 1. 86 1.71
6 1. 87 1.34 1.60 1. 32 2 .22 2.08 2 .13
7 2 .1'6 1.1 2 1.77 1. 86 1. 6 2 1.7 2 1. il8
8 1.82 2 .08 1.77 1. 5 2 1. 69
s 2 .27 1. 98 1.7 8 2.96 1.65
ra 2.32 1 .68 1. 90 2.'1 7
11 1.81 1. 18 2 .57
12 1.7 3 1. 33 2.15
13 1. 40 1. 61
14 1.1 2 1. 27
15 1. 32 1. 44


























cyc le 223 224 225 226 227 22 . 229
veh icle
1 2.17 1. 66 2 . 99 1. 34 1.39 1. 58 1.41
2 2 .82 2. 07 1. 35 1.95 i . se 1.6 8 2 .98
3 1.76 1. 7 6 1.37 1 . 39 1. 98 1.6 4 2 . 51
4 1.31 1. 77 1.1 6 2 . 91 1.37 1. 92 1. 99
5 1. 93 1. 57 2 .13 1. 76 2. 49 2 . 91 1.44
6 1. 51 3. 30 1. 57 1 .37 1. 65 1. 26 2. 46
7 0.45 1.1 0 1. 63 1. 77 1. 24 1. 52 2.9 4
• 1. 87 1. 87 2 . 13 1 . 26 1. 85 1. 44 1.6 09 1. 82 1. 89 1.47 1. 68 1. 54 1.4 0 3.51
1. 2 . 12 2.27 1 . 57 1. 25 1. 40
11 1. 10 2.36 1.55 1. 00
12 1. 52 1. 09 1. 88 1.19
13 1.65 1.41 2 .94 1.39
14 1. 93 1.52 1.06 1. 36
15 0 .97 2 .13 1.51
16 3 . 08 1 . 96 1.64
17 1. 25 1. 65
18 1. 22 1. 09
1 9 1. 21 2 .19
"




















22 1 6 1 4
+3 .0\
c ycle 230 231 232 233 234 235 236
vehicle
1 1. 58 1.62
2 2 . 09 1.54
3 2 .66 1.1 9
4 1 .29 1.49
5 1. 48 1. 6 9
6 1. 42 1 . 40
7 1. 37 1 . 39
8 1. 63 1.66
9 2 .95 1. 87
10 2 . 83 2 . 42
11 1. 51 1.4 8
12 1. 6 5 1.14
13 1.08 0 . 86
14 1. 54 1. 21
1 5 1. 18 2 . 1'13

















2 . U 2 . 31 1.58 2 . 81
2 . 09 2 .6 9 2. 10 1.16
1. 22 1 .47 1. 35 1. 94
1. 69 1.31 1. 92 1.79
1. 45 1. 98 2 . 35 2. 91
2.17 2 . 23 2 .87 2 .6 6
1.64 0 . 89 1. 53 9.99
1.7 9 1. 58 1. 52 2 . 11
1. 56 1. 22 2 .33 1. 37
1.98 1.92 1.7 2 1.76
1 .83 1. 45 1. 29 1. 36
1. 73 1. 90 1. 89 1.74
1.82 9 . 92 1. 51 1. 82
1. 71 1. 66















no . o f
cars pe






cyc le 237 238 239 24. 24 1 24 2 243
vehicle
1 1.52 2 .69 1.64 1.61 1.31 1il . 99 1.43
2 2 . 26 1.67 1.45 1 .43 1.43 1. 43 1. 65
3 2 . 1il5 2 . 16 2 . 15 2 . lH 2 .5 3 1.63 2.85
4 3.32 1. 41 2. 21il 1.88 1.14 2.66 1.59
5 2 . 1il 5 2 .5 1il 1. 41 2. 13 1.84 1.54 1. 83
6 1.73 1.81il 1il.78 1. 28 2 . 12 1.6 3 1. :.14
7 1. 22 1.67 1.1 2 2 .1il6 1. 88 1.14 1. 46
8 3.43 2 .4 1il 3. 19 2.21il 1. 59 2. 14 2.1il8
9 1. 39 1.41 1.78 1. 3 1il 1.61 1. 57 2 .23,. 2.23 1.35 1 .41 2. 24 1:1.57 1. 45 2.24
11 2 . 13 1.57 2 .71 1. 24 2 . 02 3 .65 1. 31il
12 ] <: 2.1il2 1. 76 2 .27 1. 35 1.5 2
1 3 :".55 1. 89 1. 58 0.76 1.1 5
14 1.39 2 . 26 1. 6 1il
15 2. 15 1. 48 1.58
16 1.42 1. 23
17 1.61 1.73
1 8 1. 81 2 . IilB
1 9 1. 29 2. 14
2. 1.72 1.50
21 1.56 1. 23















13 13 1 5
61 7
12 22 11 24
+3 .9% mean
no . of headway
cycle 244 2.5 2.6 247 248 cyc les secs
- - ----- ---- ------ - - - _.._- ------- - - - - - ----- --- - --- - - - --- - -
ve hicle
1 1.69 2.51 2 .9 9 1.11 2 .90 248 l. 89
2 2. 43 1. 94 2.29 2 .63 1.34 2'8 L89
3 2.U1 2.27 1. 44 1. 66 1.97 2.8 1.82
• 2 .98 1.89 1. 17 1.60 2.4 4 2'8 1.785 2 . 92 1 . 16 2 .9 4 1. 82 2 .U1 247 1. 83
6 1. 43 1.94 9.92 1. 29 1.97 247 1.84
7 1. 73 1.82 1. 34 1. 56 1.66 243 1.7 4
8 1.40 1. 89 3.27 1.99 2 .90 238 1.82
9 1. 93 1. 28 1. 66 2.31 2.64 230 1. 81
i e 1.25 1. 80 0.99 1.55 214 1.77
11 1. 93 1. 30 198 1. 7 6
1 2 2 .5 6 0 .82 186 1.71
1 3 1.68 1.72 172 1. 77
14 1.13 14 2 1.80'
15 2.11 11 8 1.72
1 6 98 1.69
17 78 1. 79
1 8 74 1. 67
19 57 1.6 3
2. .8 1.74
21 3. 1.58
22 30 1. 85




27 11 2 .04
2 8 6 1.62
2 9 • 1. 7 330 1 1. 55
31 1 1. 86
32 1 2.18
33 1 2 .65
3. 1 1. 08








+3 .'" +3 . '" HEADWAY
stand mi n ma x
c yc l e de y he ad head
-- -- ----- ----------- ---- --- -
ve hi c l e
1 9. 59 9. 99 4. 29
2 a .62 9 .68 5 . 29
3 a .57 a .95 4.96
4 0 .56 0 .91 4.46
5 1'.59 0 . 52 4 .6 2
s 1'. 5 9 0 .45 3 . 51
7 8 .64 0 . 45 7 .39
• 1'.58 0 .88 4 .18, 8.59 0. 84 3. 94
10 0 . 54 0 .57 3.53
11 8 .62 0 . 43 5 .34
12 0 .51 9 .82 3 . 56
13 0 . 58 0 . 7 6 3 .94
14 8 .58 S .72 4 .87
1 5 0.50 e . 79 3 .25
1. 8 .48 0 .86 3 . 11
17 0 .61 B.38 3 . 85
1 . 0. 47 0 . 63 3 . 14
19 1'.5 0 0.83 3 .28
2. 0. 5 8 9.81 3 .5 5
21 a . 62 9.85 4 .36
22 a .45 1.10 3 .2 0
23 0 . 50 0 . 88 2 .94
24 0 .61 0 .96 3 . 41
25 0 .47 9 . 94 2 . 80
2. 0 . 53 0 . 55 2 .5 2
27 0 . 7 3 1. 1 5 3 . 38
2. 0 . 40 1 .01 2. 13
2' 9.20 1 . 54 2 .06
3. ERR 1.55 1.55
31 ERR 1. 8 8 1 . 88
32 0 . 1/1 0 2 .1 8 2 .18
33 0 .00 2 .65 2. 65








1 2.43 3 .22 3 .69
2 1. 89 1.17 2. 16
3 1. 43 2 .57 1. 28
4 4.05 1.70 1.98
5 2.36 2 .17 3.29
6 2. 44 3.48
7 LIB 1.95
8 1. 63 1.94






















1. 28 1. 80












































- 3 . 0 \
c ycle 15 I' 17 18 19 2. 21
veh i c l e
1 1 . 9 0 2 . 83 2 .73 2 . 7 4 1. 52 1.6 2 2 .23
2 2 .50 2 . 76 2 . 45 1. 84 2. 99 2 . lI'! 2. 26
3 1.85 1. 33 1.73 1. 31 2. 23 1. 54 1.7 4
• 1 .61 2 .U 1 . 62 1 .39 1. 21 1.49 2 . 6 95 2.28 1. 86 1 .6 1 1.56 1.46 2 .25 1. 69
s 1. 89 1.30 1.46 1 . 54 2 . 10 1. 5 5 1.17
7 1.93 1. 68 1.54 1. 48 2 .61 1.2 8 2.21
8 1. 84 1. 79 1 .76 1 . 85 1 . 97 1.60 1.89
9 2 .29 2 . 63 1. 54 1 . 06 2 . 23 1 .93 1. 8 5
1. 2 .82 1. 66 2 . 86 3 . 1'7 2 . 56 1. 6 2 1. 57
11 2 .73 1. B0 1. 97 2 .05 1.77 1 .76
1 2 1.23 1. 71J 2 . 29 3. 34
13 3.25 :l.5 1 1,69 3.27
I ' 1. 83 2 . 9515 1.42 2.71
I ' 2.72 2 . 0617 2 . 36 1.77
18 3 . 21 2. 99
1 9 2 . 12 2 . 23
28 2 .4 2 2 . 35
21 2. 84 1.7 3
22 3 .62 1. 26
23 1.71 1.3 3














13 18 11 24
--------------------------------------------------------
- 3 . '"
c ycle 19 11 12 13 14
--------- ------------ -- ---------------------- ------- ----
vehic le
1 2 .43 1.44 2 .24 2 .72 9 .99 1.84 1. 49
2 2 .15 2.69 1 .69 2 .56 1.72 2 . 67 3 .46
3 1. 59 2.87 2 . 06 1.58 1. 22 2 .99 1. 21, 2.16 1 .12 2.39 1.56 1 .93 1 .66 2 .5 1
5 1.72 2 . 64 2 .53 1.40 1. 69 1. 65 1.7 9
6 1.89 2 . 16 2 .111 1. 82 1.53 1.66 1.73
7 1.17 1.92 2 .13 2 .15 2 .17 1 . 68 1.78
9 1. 51 1. 36 1 .0 1 3 .39 1. 49 1.77 1 .85
• 2 . 7 4 1.28 1 . 86 1 . 52 1. 39 2. 15 1. 6419 2 .15 2 .36 1. 86 1. 33 1.17 3 . 11 2 .25
11 1. 88 2 .22 2.72 1.61 1.41 2 .88 1. 31
1 2 1. 43 1. 57 1.47 1 . 91 1. 49 1.59 1.89
13 1. 5£1 1. 53 1.30 2.26 1. 91 1.99 1.98
14 0 . 93 1. 81 1.25 1 . 68 1.84 1.46
15 1. 95 1 . 21 1 .8 4 2 .25 1.33 1. 83
16 1.4 8 1.60 1. 89 1 .11 2. 1 3 1.33
17 1.11 1.99 1 . 95 2 .98 2. 44 3. 11
19 1.53 5 .35 1 . 85 2. 18 1 .33 1. 84
1 . 2. 41 2 .9 4 1. 48 3 . 70 3 .81 2 . 54
29 1. 87 2 .3 1 1. 51 1. 47 2 . 2£1 1. 79
21 2 ."6 1 .82 1.38 4 . 17 1. 43 1. 94
22 1. 9" 1.68 2 .£17 1. 60 1 .91 1 .63
23 1. 51 1.26 3.84 1. 65 1.62 1. 74
24 1.95 2.25 1 .0 3 2 .70 1.94 1. 52
25 i . sa 1.92 2 .79 2 .48 2 .53 1.51
26 1. 47 1.62 1.18 2 .23 2.33 1.99
27 1. 39 2 .24 1 .9" 1.96
29 1. 98 2 . 13 1. 84











cycle 22 23 2. 25 26 27 28
--------------------------------------------------------
veh ic le
1 2. 16 1.25 1.31 3 .76 1. 80 3 .13 2 .88
2 1. 40 2 .6 4 1.60 1 .82 1.56 2 . 04 2 . 32
3 1.61 1. 59 1.38 2 . 71 1 .4 6 1. 46 1.93
• L 61 2.97 2 . 41 1. 91 1,71 1.62 1.695 1.62 1. 94 1.8 4 1.70 1.87 1.82 1. 98
6 1. 71 2 . 18 2. 13 1 .4 2 1. 43 1. 30 1.51
7 1. 23 1. 42 3.05 l.37 2 .8 1 1. 12 1. 88, l. 51 2 . 14 1. 95 1. 71 1.66 1.u7 1. 47
9 1. 97 1.7 9 1. 66 1.29 2 . 45 1. 47 2. 79
"
1.97 2 .15 1.72 1.97 1.92 2 .13 2.45
11 3.07 2.02 1 . 75 2 .83 1.92 1. 94 1.72
12 2. 10 2 .39 1. 61 2.00 1.79 1. 37
13 1.4B 2 .62 1.61 1.57 1.70 1. 57,. 2 .52 1. 71 2 .33 1.85 3 . 85
15 2.46 1.80 1. 9~ 1. 27
16 1. 63 1.93 1.86 2 .59
17 3 .Hl B. 74 2.11 1.60
18 2.94 1. 96 1.69 2.B3
19 1. 85 1.16 1.87
"
1.7 0 l, i 6 3. 07
21 2.2 0 1.91 1.80
22 2 .88 1.54 1.60
2J 3.87 1.76 1.78
2. l. 07 1.78 2 .89
25 1. 53 1.25 1.66
26 2 .07 1. 47 1.97
27 1.60 1.84 3.40







ce r s pe 13 11 18 29 30 28 14
cycle
623




31 32 33 34 35
----------- ---- -- -------------- --- ------------ -- --------
ve hicle
1 1.83 2 .06 1.88 3 .39 2.28 1.73 3 ."7
2 1.87 1. 61 1. 80 2 .28 1. 56 1.89 1.46
3 1.60 1.74 1 .57 1. 72 1.54 1 . 06 2.52
4 1.60 2 .94 2.19 2."2 1.89 2.11 1. 96
5 1.96 2.00 1.84 2.42 1 .47 1 .73 2.28
• 1. 46 1.69 1.60 1.87 2.25 1.49 1.887 2 .09 1.31 1.94 1.7" 2. 19 1.87 1.97
8 1.75 1.32 2 .93 2.03 1.88 2 .06 1.51, 2.27 3 .59 1.63 1.52 2 .43 1.58 1. 71
18 1.53 1. 63 1 . 63 1.98 1.48 1.79 1.8"
11 1.24 1. 81 1.68 2 . 13 1.24 1.88 2.71
12 1.81 1.58 1.34 1.91 2 ."2
13 0 .59 1.90 2 .16 2 .33 1.75
14 1. 1'1 6 1 .04 1'1.86 2.72 4.06
15 2.14 2 .08 2 .25 1.38I. 2 .77 1.68 2 .55 l.83
17 1.86 2 .50 2.20 2 .26
18 2.72 2.66 1.87 1.33
rs 2 .25 2.49 2.41 1.6"
2. 2.48 2.59 2 .61 1.34
21 2.85 2.44 1.48 1. 88
22 3 .21:1 3."7 3 .47 2 .05
23 2.30 2.9" 1.67 1.72
24 1.50 2. 15 1.37 1.76
25 2 .43 1.26 2 .15
2. 2 . 25 1 . 38 1.88






----- ---------------- --------- ----- -- -- --- - -------------
00 . of




- 3 . 11 \





1 2.23 1.99 1.41 1. 38 1.58 1. 33 2 .39, 1. 84 1 .98 1.79 1. 97 1.52 3 .41 1.53"
3 1.74 2 .93 2 . 29 2.64 2.58 1. 21 3.48
4 1. 76 1.87 2.31 2.33 1.99 2 .21
5 2 .83 2 .85 1.76 1.72 1.91'1 1. 81
6 2. 50 2 .55 1 . 55 1.94 2 . 1 6 1.96
7 2 .1'18 1. 1'1 3 2 .1'13 1. 49 2 . 30 1.70
8 1.31'1 1.62 2.1'19 1.59 2 .1'14
s 1.23 1. 91 2 .1'14 2.64 2.92
ra 2. 30 1 . 54 1. 69 1.78 1.25
11 1.19 1.47 2 .11 1.69
12 1.66 1. 37 2.63 1.93
13 1. 81 2.38 1 .59 1.48
14 3 .33 2.39 1.31 3 .3 8
15 1.77 2 .62 1.86 2 . 10
16 " . 77 1.83 2 .98 1.73
17 1. 41 2 . 42 1.73 2 .88
18 1. 93 2.71 2 .81'1 2 .51
1. 2 .72 1.91 1. 8 4 1 . 56
,. 2. 13 1.88 2 .4 3 1.84
21 1.97 1. 63 1. 71 1 . 94
"
2 . 36 3.09 1.74 1.53
23 3 .44 1. 90 2.85 2 .78
24 1. 94 1.56 1.51'1 1.90
25 2.13 3.1'13 2 .32 1.72
















































































-- ----------- -- -- ------ ------------- --------------------
- 3 . 0%
c yc le 5. 51 5 2 53 54 55 56
- -- - - ------ - - -- - - - ---- - - - - - - --- - --- -- - ------ ._----------
v ehic le
1 2. 14 2. 14 1.44 1.95 2 .33 1. 21 2 .1 0
2 1.83 2 .85 2 .3 3 1.68 1. 64 2 .46 1. 59
3 1.28 2.88 1.9 4 1. 65 2 .28 1.5 8 2 .94
• 1.86 1.17 1. 89 1.67 0 . 99 2 .27 1. 845 2 . 33 1. 49 1.55 1.43 1. 89 1.99 1.71
6 1.21 1.70 1. 54 1.76 1.83 2.37 2 .00
7 lo ll 1. 81 1.27 1. 11 1. 49 1. 92 1.52
8 1.32 2 . 1 5 1. 5~ 2 .10 1 .9il 1. 85, 2 .31 1. 80 2 .24 1.71 1.98 2 .2 8
1. 2 . '70 1. 98 0.95 2. 28 1.52 1.81
11 I . . : 1.43 1.58 1.24 1.4 8 2.1 2
12 1 .1 ; 1.08 2 •.01 1. 89 2 .46 1.45
13 1.31 1.3 2 1. 31 2.0 6
I . 1. 58 1.66 1.47 1.47
15 1. 68 1. 56 1.41
16 1.73 1. 42 2.28
17 1.67 1 .88 1.66
18 1.49 2 .72 1.30
I' 2. 25 1.41 1.44
28 1.95 2 .4 1 1.7'7
21 2 .83 2 .27 1.34
22 1.71 1 . 72 2 . 52
23 2 .411 0 .94 2 . 38
2. 2. 12 1 .7 5 1.71
25 1.511 1. 45 1.5 4
26 2.63 1 .88 1.4 2
27 1.46 1.61 2.53
28 1. 2 0 1 .6 1 1. 45
2' 1. 79 2.06 1.37
3. 1 .58 3 .66 1. 43
31 1 .81 1.54
32
-----~ - --------------------------------~------------- ---
no . of
c a rs pe 12 12 31 3. 31 14
cycle
62 7




1 1.06 1.92 2 .65
2 IL 97 1. 5 8 0.99
3 1. 90 1.30 1.58
4 2 .00 2. 0 0 2 .06
5 1. 30 1.41 1.26
6 1.84 1.27 1.85
7 1.47 1.8 4 2 .24
8 1.6 3 1. 47 1.18
9 1.52 1. 54 1.49
1 0 2 . 1 4 2.36 1.3 0
11 1. 94 2 . 58 2 .02
12 1.48 1. 85 1.37
1 3 2 . 35 2.14 2.117
14 1. 43 1. 89 2 .32
1 5 2. 27 1.7 9
16 2.53 2 .38
17 2.61 1l.84
1 8 3 .26 2 .56
1 9 2. 88 1. 7 3












1.86 1.60 2 . 1 8 2 .73
2 .20 1.49 2 . 42 2 .30
1. 38 2 .40 1. 58 l. 8 8
2 .11B 2 .24 1.20 1.2 4
1.37 1.1 9 2. 12 1.74
1.87 1. B7 1.66 1. 54
1.95 1. 17 2. 1 9 1.46
1. 46 1.23 1.00 l. 32
2.1 2 1.41 1. 17 1.1 6
2.17 1.86 1.49 1. l;l7
3 . 09 1. 72 1. 00 1. 53
2 .25 1.18 1.29










11 15 17 1 3
-a. as
cye. t e 64 65 66 67 68 69 7.
vehic le
1 1 .88 2 .10 1. 97 1. 41
2 2 .33 1.74 1.44 1. 17
3 1. 6 2 1.94 1. 64 3.26
4 1.79 1.63 1. 86 1.64
5 2.23 1. 99 1.71 1.90
6 1. 56 1.95 2 .31'l 2 .1'l5
7 2. 23 2.Hl 1. 43 1. 68
B 2. 1'l 1'l 1 .1'l3 1.02 1.21
9 1.44 1. 70 1.87 1. 18
10 :l. 19 1.28 1. 84 2.35
11 1. 77 1. 37 1. 75 2. 12
12 2. 27 1. 33 1. 81
13 1 .73 2. 15















0 .99 1. 4 9 1. 95
1 . 81 1 . 6 3 1.71
2. 18 1. 47 1.62
1. 67 1. 9 5 1.76
1.71 L88 1. 37
1.92 1.22 1.31
1.91 1.91 1.64
1. 67 1. 77 1. 65
2.25 1. 3 7 1.46
1. 6 8 1.37







c a rs pe
cyc le




cycle 71 72 73 7 4 75 7 6 17
vehicle
1 1,53 1. 66
2 1 . 44 2 .30
3 2. 17 2 .9 1
4 1,94 0 . 90
5 1, 52 1.67
6 1.88 1.10
7 1. 95 1. 42
8 1.07 2 .05
9 3 .9 1 1.94
10 1. 91 1.51
11 2.4 3 1. 27
12 1. 62 1. 40
13 1. 94 2 . 09
14 2.61 2.22
15 1.65
16 1 . 19
17 2 .55
18 1. 80











1 . 58 2 . 36 1. 36 1.7 3
1.66 1. 50 1.68 1.87
1..99 2 . 48 2. 1'7 1. 91'
1. 1 8 1.67 1. 90 1. 59
2 .18 1. 53 1.9 4 1. 5 2
1. 32 1. 44 1. 49 1.1 3
1.11 1. 51' 1.42 3 . 35
1.69 1.42 1. 46 1. 3 8
1. 48 1.59 1.82 1. 97
1. 52 1.57 1.53 2 .04
1. 1 2 2 .4 2 1. 29 1. 62
1. 24 1.53 1. 1 3 2 . 41
1. 27 1. 84 1. 61 1. 58
1.26 1 . 93 2 .15 2. 42
1.3 0 1. 31 2 .2 1'
1.97 1. 27 1.7B
1. 23 3 . 33 1.34
1. 6 2 2.B0 1.2 3


















no . o f
cars pe
cycle
19 14 1 9
6 3.
14 2. 19 16
- 3.n





4 2 . 14






11 2 .2 9
12 1. 83





















1.9 5 2. 09
2 . 1 3 2 .1 8
1.90 1. 88
1.85 2 .99
2 .3 9 2 . 43
2.97 2 .1 7
1.4 8 1.64
1. 93 1.23
1. 7 9 1.3 13
2 . 41 1 .23

































ca r s pe
cycle
1 8 13 2.
631
11
- 3 . 0\
































c a r s pe
cycle
2 . 16 1.13
2.62 2.19















































cycle 92 93 94 95 96 97 98___ ____ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ ___ _ _ _____ _ _____ _ _ ____ w _ __ _ _ __ _
vehicle
1 1.52 1.68 1.62 1.68 1.73 2 .70 1.19
2 1. 58 2 .99 1.47 1. 58 2 .04 1.85 2 .10
3 1. 59 1. 17 1. 56 1.80 1.79 3. 12 1.91
4 2.56 1. 92 1.97 1.7 0 1.44 1. 96 1. 96
5 1.32 1.7 3 1.65 1.94 2.90 1. 52 l.58
6 2.84 1.94 1 . 36 2 .33 1.67 2 .42 l. 87
7 1. 4 5 1.93 1.1 9 1 .67 l. 29 2 . 70 l.4 8
8 l. 8 8 1.96 1 .60 2. 16 1.82 1.33 2.90
9 1.33 1.7 4 1. 59 2 .22 2.05 1.57 1.24,. 2.33 1.60 1.19 1. 62 2.07 1.79 1.20
11 1. 07 1.79 a.ai L 17 1. 98 1.71 1.43
12 1.23 1.45 1.99 1.27 1. 58 1.54 1.14
13 1.81 2.85 1.17 1.32 L89 1 . 39
14 1.75 LSI 1.87 4 .40 2 .50 2.70
15 1.67 2 .76 1. 31 1. 71 2.55
16 2.44 2.96 1.42 2 .29 2 .53
17 1.84 l. 99 2 .12
18 2.26 1.70 2 .75
'9 2.59 1.54 2.31
2. 2 .26 2 .60 2 .41
21 1.98 1.88 2 .13
22 2.63 2.82
23 2 .14 1 .71
24 1.85 1.20
25 3.23 1. 26











27 12 1 6
633
21 25 16 14
- 3 . 0 \
cycle 99 10 0 101 ,.2 ,.3 104 105
ve hicle
1 2 .98 1. 7 9 2 .6 6 1.52
2 2 . 27 2 . 14 1.7 8 1. 85
3 1. 75 1.13 1 .4 5 1. 83
4 1. 5 2 1.43 2 .19 1. 7 6
5 3. 15 1.85 2.33 1.68
6 2 . 3 4 1.56 1.63 2 . 1 5
7 1. 57 1.96 1.73 4 .06
8 1.7 5 1. 46 1.54 1. 57
9 1.35 2 .74 1. 02 1. 79
10 1. 51 1.55 1. 57 2 .33
11 1. 7 2 1.17 1. 7 8 1.90
12 1. 5 0 2 .23 1. 6 6 1.18
13 1. 9 '1 1. 96 1. 20 1.28
14 1. 5 5 1. 96 1.11 2 .4 4





2 0 1 . 67
21 1 . 96
22 2.34
23 3 .25






1.76 2 .39 1.31
1. 32 1.78 2.20
1. 78 1. 81 2.1/10
1.77 1 .41 2 . 0 0
1.33 1. 76 2.51
2 .03 2 .73 2 .05
1.14 1.20 1. 51
2.28 2 .68 1.31
1.72 2.20 1.62
2.66 2 .3 4 1. 6 6
1.81 2.08 1.74





1 5 2. 15
634
14 13 13 12
---------------~--- ~- -------------~-----------------~---
- 3 . 0\
cycle 106 lD7
'"
1 09 11 0 11 1 112
--------------------------------------------------------
vehicle
1 2 .42 1. 41 1. 52 2 .53 1.87 2.53 1. 75
2 1.13 3 . 54 1.62 1.81 1.46 1.48 2.21
3 2. 96 2 .411 2 . 15 1 . 72 2 .63 1.31 1 . 23
4 1 . 19 1.411 1 . 45 1.35 1.81 2. 55 2.12
5 1. 09 1. 1~ 1..8 9 1.82 1.82 1.13 1 . 83
s 1. 43 1. 32 1. 61 1.83 1.67 1 .67 1.34
7 1.89 1. 46 1.58 1.68 1. 62 2.39 1. 02
• 2.43 1.23 1.211 1.64 1. 23 1.83 l.UI9 2 .43 1. 91 1. 48 2 .48 2.69 1.95 1'.96
10 1.62 2.53 1.83 2 .28 2.114 1 . 43 2 .68
11 1.49 3 .88 1.55 1.53 1. 16 1.35
12 1. 92 1.33 1.78 1.90 1. 97 1. 34
13 1. 11 3 1.35 1.66 1.24 2.7 5 1. 44
14 1. 09 1 . 52 1.34 2 .31 1.90
1 5 2 .22 l.33 1.72 1.93 1.56
"
2 .43 2 . 01 1. 58 1.72
17 3.03 1.74 2.52
1 . 1.81 2 .6 6 1.71
"
1. 67 1. 74 2 .32
"
1.72 1.11
21 3 .1 2 1. 79
"
1. 40 1 . 30
23 1.59 2 .78
24 1.97 2 .50
25 2 . 44 3. 45
26 2 .1 0 1.51
2J 1. 38 1.39
"

















cy cle 113 1 14 11 5 11 6 1 17 118 119
--------------------------------------------------------
vebi c le
1 1.49 1. 17 2 .46 1.78 2. 49 1. 65 i .as
2 2 .43 1.69 1.19 1.72 1.67 1.63 2.00
3 1.78 2 .91 1 . 58 2 .56 1.69 1 .13 1.72
4 1.32 1. 56 3.17 1. 86 2.31 1.7 6 1 .78
5 1.52 2.07 1 . 50 1.49 2 .1 2 1. 11 1.913
6 1.91 2.213 1. 19 1. 4 ~ 1. 57 1.56 2.4 5
7 2.37 1.913 1. 61 1.06 1. 19 2 .3 1 1.33
8 2.23 2 .64 '1.64 1. 98 1.58 2 .'1 0 1.4 .\
9 1. 5B 2 .31 1.55 2 .24 2 . la 1.76 2 . 23
"
2.35 2 .58 1. 23 1. 97 1.4 4 1. 73 2.36
11 2 .17 2. 12 1.14 1.36 1. 72 1. 43
1 2 1.54 2 .32 2. 77 2 .19 1. 29 1. 76
1 3 1. 77 1.46 2 . 52 2 . 41 2. 72
1 4 1.93 2 .133 1.49 1. 4 3 1. 55
l ' 1. B7 1.90 2. 49 2.B 8 3 .0 0
16 2 .4 1 2 .60 3.04 1 . 4 3 1. 613
17 1. 71 2 .08 1.56 2.1'1 1. 80
1 8 L I B 1. 91 2.27 1.7 5 1 .17
19 L IB 2 .63 1.9'1
20 1.87 2.08 2.14
21 0 .92 2. 11 1.19
22 1.71 1.139 3 .11
23 2 .76 2 .42 1.76
24 2 . 40 2.88 2.63
25 1. 71' 1.42
26 1. 6 4 4.04








cars pe 2. 26 28
"




cycle 120 121 122 123 1 2 ' 1 25 1 26
ve hicle
1 1.52 3 .77






























1. 46 1.40 1. 72 2 .8 1 1. 23
2.72 1. 97 1.97 1. 17 1. 77
1. 51 1.52 2 .31 1. 42 0 .9 5
1.67 2 .19 1. 39 1. 53 4 .96
2 .47 2 . 0 13 1. 90 1.62 2 . 31
1. 83 1.68 1.95 1. 25 1. 40
2 .44 1. 81 2 . 55 1.58
2 .90 2 .00 1. 25






























































1 .42 1 . 05
1 . 66 2.52
1 . 57 l,B8
1. 47 I. B9
1 .86 1,49
1 .4 8 3. 27
1.74 1, 29
I. B3 1. 27
1. 76 1,24
1.72 2.4 1'1
2 . 49 1.1'1 8
1 . 94 1,91
1. 68 1 .9 7







1, 29 2.]7 1. 69
1. 61 1.7 5 1. 37
2 .00 1.6 5 1. 77
1. 6 8 1.4 3 3 .90
2 . 61 2 . 06 1. 64
2 .90 1.4 1 2 .1 2
1. 23 1. 3 8 1. 56
1.77 1. 8 5 1. 58
1.71 1.47 2 . 18
1.00 1. 37 2 . 15
2 . 48 2 . 4 5 2 . 15


























14 1 2 1 2 3 1
-3.0%
cycle 1 34 135 136 137 138 1 39
'"--------------------------------------------------------
ve:hicle
1 1.17 1. 20 1. 78 2. 16 2 .38 2 . 89 1.28
2 1.67 2.54 1.95 1.70 1. 99 1. 62 1.58
3 2 .91 1.47 1. 26 1. 98 1. 43 1 •.' 1.97
4 2.21 1.61 0.97 1. 26 1.87 1._0 1.68
5 1.33 2.65 1. 01 1.61 1.38 1. 55 1. 95
6 1 . 51 1. 77 1.39 1. 86 2.14 1. 50 1.83
7 2 .03 2 .01 1. 01 2 .20 1.31 1.17 1.17
8 1.41 1.83 2 . 16 1.93 1.6 0 2 . 10 2 .20
9 2 .19 1.63 2 .50 1 . 45 0.66 2 . 10 1. 57
10 1. 66 2 .86 2. 90 1. 56 2 .35 3 .01 1.56
11 1.62 1.71 1.43 1.00 1 . 45 1.50 2 . 41
12 2 .49 2 . 10 3.12 3.39 1.89 1. 54 1. 80
13 1.34 1. 02 1.10 3.26 1.25 2. 36 2 .21
14 2 .6 1 1. 04 1.71 2 .81 1.49 1.62 1. 29
1 5 1.77 1.45 1. 95 1. 7 6 2.74 1.89
16 2 .14 1.25 1. 42 1. 50 1. 26 1.49
17 3 . 11 1.06 2 .55 1. 49 1.31 1.7 5
1 8 2 . 12 1. 85 1. 27
19 1.63 1. 69 2 . 63

















27 17 1 7
63 9
"
19 1 7 14

















































































































































1 6 29 2'
--------------~ ~----------------------------------------
- 3 . 0%
cycle 148 149 150 151 152 153 15 4
--------------------------------------------------------
vehicle
1 1. 47 1. 29 1.89 1. 47 1. 61 2 .37 2.17
2 2.90 1.1 2 2 .89 1. '5 ~ 1. 98 2 .50 1.50
3 1.80 1.41 1. 81 1. 69 1.56 2 .16 1. 47
4 1.62 1.24 1. 41 1. 83 1.66 2.04 1.9 0
5 1. 68 1. 66 1.53 1.18 1.70 1. 66 2 .03
6 1.62 2.28 1. 60 1.64 2 .64 1. 41 2. 0 6
7 1.48 2.76 2 .21 1.80 2 .42 1. 59 1. 84
8 1. 41 1.99 1. 84 1.03 1.46 1.50 1. 0 0
s 1. 48 1.81 1.76 2.0 8 1.50 1. 20 1.11,. 1.74 1.32 2 .30 1.56 1.73 1.58 1. Bl
11 1.26 2 .31 3.35 1. 59 1. 30 2 .0B 1. 72
12 1. 40 1.47 1. 33 1.36 1. 49 1.37 1.7 9
13 1.63 1.23 1.45 1. 48 2 . 70 2 .30 2 . 41
14 1. 8B 1.86 1.23 1. 21 1.57 1. 27 1. 56
15 2.30 1. 65 1.71 1. 47 3 . 31 1.18 1.40
16 1. 94 2 .32 1.78 2. 55 1. 55 1.7 0 2 .57
17 1. 42 2 . 28 2.26 1.59 3.27 1.7 0
18 1.64 2 .03 1.69 1.7 8 1.52 2 . 23
"
1.87 3 .60 1.66 1iI.52 2 .44
2. 2. 16 2 . 12 1.50 2 .20 1.38
21 1. 94 1.94 1. 85 3.97 1.61
22 1. 87 1. 45 1.91 1.48 1. 61
23 1. 30 1.72 2 .72 1. 45
24 2 . 51 1. 45 1.94 1. 79
25 1.78 1.77 2.99 1.69
26 1. 21 1.3 4 2.43 0.93
27 1. 27 1.82 1. 48 1.20
28 1. 42 2 . 10 1.71 3 . 25
2' 1.53 1. 23 1.7 9




n o . of




cycle 155 156 1 57 15. 1 59 160 161
veh icl e
1 2.23 1.67 2 .72 2 .19 3 . 07 2 . 03 1. 61
2 1.1 5 1.70 2 .07 5 . 36 2 .5 1 1. 59 1.9 2
3 1.1 5 1.79 1. 83 2 . 39 1.92 1.79 1.48
4 1.55 1. 52 3. 24 1.24 1. 25 2 .0 9 1.04
5 1.7 5 2.46 2 .99 1.73 2. 27 1.66 1.19
6 1. 50 1. 30 2 . 71 1. 90 1.61 1.65 1. 46
7 1.21 1.7 5 2.67 2.09 1.70
• 1.89 1. 48 1. 74 2 .6 79 1.62 2.08 2 . 81
"
1. 76 1. 24






























- 3 . 0%
cycle 162 163 1 6. 165 166 167 16 6
--------------------------------------------------------
vehicle
1 2. 77 2 .26 1. 62 1 .6 8 4.2 6 2.62 1.75
2 2 .33 2.28 1.60 1.88 1. 43 2 .94 1.72
3 1.23 1.62 2 .311 3 .3 3 3.17 2.2 9 2 . 01
• 1. 61 1. 35 1. 70 1. 57 1.17 1.45 2 . 585 1. 59 1.49 0.99 1.61 1.22 1.74 2 . 25
6 1.44 3.81 2 . 54 1. 21 1. 06 1. 77 1.7 3
7 2.1 2 L IB 1. 51 1.24 1.94 2.37 1.55
6 2 .14 2.23 2. 07 0.9 6 3.51 2 . 73 1.59
9 2 .18 2.13 2. 30 2. 9 0 1.91 1.6 6 1 .77
"
2.0 2 1. 80 1 . 73 1. 7 5 1.87 1. 99 3.37
11 2 . 11 2. 55 1.72 1. 25 1.52 1. 48 1. 47
12 1.91 2 . 1 2 1 . 80 1.34 1.61 0.99 3. 09
13 2 . 21 2.12 2 .35 2 .0 2 1.65 3 .38 2 .23
14 2. 02 3 .4 8 2 .33 1.26 1.9 5 1.87 1.85
15 2. 58 1. 61 2.29 1. 76 2 . 84 1.72 1.68
16 2. 00 1. 70 2 . 28 1. 21 2 .41 1.50 3.1 9
17 1.74 2 .30 1. 91 3 . 21 2 . 2 0 1.61 1.54
1 6 1.77 2 .76 1.47 2 .1 2 2 .81 3 .13 1. 97
19 2 . 01 1.63 1.7B 1 . 50D 2. 50 2 .14 2.00
"
1. 25 2.22 3 . 59 1. 33 1.81 2 .66 1.73
21 1. 37 1.45 2 . 07 1. 39 2.3 9 1.38 2 .19
22 1.85 1.61 1.79 2. 0oJ 2 .7 2 1. 31 2 .20
23 1.71 2 . 02 2.36 3. 1 7 3. 84 1.12
24 1.7 9 2.05 2 .38 2 .06 3. 51 1.48
25 2 . 74 2. 83 2 .72 2 .83 1.70
26 1.68 1.83 1.80
27 2 .9 4






ca rs pe 22 2' 26 25 2. 26 28
cycle
643
-----~------- -- ------ -- - - --- ---- ------- -----------------
- 3 . '"
cycle 1" 118 171 112 173 174 17 5
--------- -- -- -- -------------------------- ------- ------- -
vehicle
1 1.93 2.23 0.82 1. 58 2.56 1.46 2 .16
2 2 .38 2 .24 3 .14 1.25 2.53 2 .9 4 1 .26
3 1.43 1.89 1 .54 1. 80 1.71 1. 11 1. 48, 1.46 1 .37 1.52 2 .92 1. 95 2 . 29 1 .26
5 1. 53 1. 40 1 . 84 1. 76 2 . 41 1.40 2 .36
• 1. 62 2 . 11 1.55 3 . 53 3.27 1.77 1.7 97 1 . 32 2.06 1.75 2. 35 2.16 1.16 2 .55
8 1.52 2.99 1. 45 2.13 2.08 1. 88 1 .8 50, 1.40 2.36 2 .48 1. 93 2.91 1. 42 1. 31
18 1 . 38 4 . 56 1. 61 3 .3 8 2 .51 2 . 48
11 1. 49 2 . 25 1.32 4. 69 1. 75 1. 77
12 1. 6 5 2 .504 1. 91 1. 82 1.49 1. 84
13 2 .4 8 2 .41 1. 66 2 .78 3. 10
14 2 .0 0 1.05 1. 67 2 . 13 2 .6 2
15 2. 12 2 .3 0 1. 67 2 .0 6
16 2 .0 3 2.45 3. 25 3 .6 2
11 1. 65 1. 21 1. 33 3 . 14
18 1. 27 1. 49 1. 31 2 .29
19 3 .90 1. 44 1. 31
2. 1. 56 2.51 2 .6 4
21 2 . 52 1. 68
22 2 .94 1.72
23 1. 43 2 .83
2' 3 .23 1. 83
25 1.65 2 .77







-- -- ---- -------- ------------ -- ----------------- ---------
no . of
ca rs pe
c yc l e 2' 12 2.
64'
J4 i a 2.
- 3 . '1%
cyc le 176 1 77 17 8 179 18. 18 1 1 82
-- --------------------- --- ------------ ------------------
veh ic le
1 1. 84 1. 81 2.64 1. 20 2 .47 1 . 2 9 1. 5 4
2 1. 71 5 . 16 1. 96 1,61 1 . 66 1, 53 1. 64
3 1.84 1.72 2 .28 1. 23 i .as a. as 1.98
4 1. 31 1, 53 2. 13 2 .137 1. 49 1 . 96 1. 65
5 2 .91 1. 73 1.67 1.6 '1 1 .7 2 1. 2 5 1 .5 1
6 1. 4 11 2. 18 1. 67 2 .32 1. 53 1,3 3 1.69
7 2 .92 1.51 1. 69 1, 53 2. 05 1, 58
a 1. 51 2 .51 2.54 2.28 1.67 2 .39
s 2. 14 1. 18 1. 95 2 .113 1 .92 2.27
1. 2 .57 1. 22 1. 86 1.55 1. 57
11 2.5'1 1.3 9 5 .6 1 2 . 48 1. 34
12 1. 54 1. 82 2. 115 2.1J6 1. £17
13 1. 94 3.92 2.64 1. 7 9
14 1. 69 2 . 35 2 .3 2 1. 56
15 2 .41 1 .82 2. 4 '1 1. 5 2
16 1. 49 3 . 35 1. 77 1. 45
17 1.12 1.54 2 . 05 1. 56
18 1. 70 2. 13 1. 65 1.28
19 1. 84 l. 8 9 2. 16 2 .25
2. 1. 18 1. 99 2. 7 3 2 .23
21 1.55 1. 96 2. 05 2. 47
22 2 .31 1. '17 1. 57 1. 76
23 2 .'12 2 . 11 1.7 5 1. 69
04 3.30 1.71 3 . 3 4 1. 98
25 2.9 9 2 .52 1. 92







-------------- --- --- ---- -- --- --- ------ --.._------- ------ -





2 4 12 26 2 5
- 3 . 0\
cycle 18 3 184 185 186 187 ,.. I.'
--------------------------------------------------------
vehicle
1 1.67 1.65 1.92 2 .S 0 1.49 1.3 4 1.65
2 2 .41 2 .26 1. 67 2 .50 1.82 2.79 3 .28
3 1.81 1.76 1.51 2 .48 1. 62 1 .55 1. 52
4 2 .3 4 3.91 1.71 1.67 2. 41 2. B0 2 . 18
5 1.47 1. 47 2.28 1. 49 1. 93 1. 55 2.08
6 1.7::: 1 . 31 1.58 2 . 12 1. 99 1,81 1.65
7 2 .S 5 1. 31 3 . 01 1. 54 3 .48 1.79 1.89
• 1. 59 1. 94 2 .23 3.17 1.37 1 .97 1.30, 1.07 2.72 1. 88 2.13 1 . 57 1.70 2.86
"
2. 11 1. 70 3 . 18 2 . 20 3.36 1.64 2.53
11 2. 13 2 .62 1. 80 3 . 28 1.64 1. 56 2 .14
1 2 1.39 1. 56 2 .40 2 .99 2 . 59 1. 38 1.57
13 2 .21 3.23 2.In '1.98 1.92 2.06 1.79
14 1. 40 1.50 1.28 1. 58 1.7 5 3. 13 2.16
1 5 2 .36 1.9B 2.B8 1. 47 2.28 1 .46 1.57
1 6 1.42 1. 97 2.76 1.77 1.57 1.38
17 2. 68 1. 09 2 .00 1. 75 1.41
i a 2 .57 1.99 2.22 1.35















no . o f
cars pe
c ycle
17 1 5 16
646
18 27 19 19
- 3 . 0\





4 2 . 05
5 2 . 1 9
6 1.52
7 2 . 42
8 2. 10
9 3 . 15
10 2 .3 3
11 1. 57
12 1. 10








































































no . o f





cyc le 197 198 199 2 •• 2. , 2.2 2.3
-------------------.._---------- ---~ - -- --- ---- -- ----- -- --
veh icle
1 1.35 2. 44 2 .71 2 . 30 1 .37 1. 17 1. 98
2 1.7 2 2 .82 2 . 39 2 .26 2.28 1.25 1.38
3 1. 68 1.52 1.1 6 1.98 1.54 1. 46 2.62
4 1. 61 1. 14 1.82 1. 69 2 .24 1. 99 1.56
5 2. 13 2 .47 1. 30 1. 33 2 .37 3. 65 1.48
6 2 . 54 1. 97 1. 40 2 .89 1. 04 1. 32 1.46
7 1 .1 9 1.7 3 1. 6 0 1. 02 1. 55 1. 16 1. 18
8 1.99 1.19 1. 35 2 .04 1. 08 2.52
9 2 .93 1.71 1 . 27 1. 62 1.45 2 .46
1. 2.23 1.89 1. 87 1 . 35 2.41 2.51'
11 1.35 2. 14 1.22 2 .83 2.3 1' 2.21
12 1.50 1. 11 1.25 2 .65 1. 64 1. 46
1 3 3.00 2 . 30 2 . 09 3 . 29 1.70
14 2 .15 2.58 2 .02 2 . 16
15 1. 74 1.29 a.a i
16 1. 21 3.03 2.26
17 2 .47 1.24 2.81
18 2 .3 8 1.65
19 1. 73 2.42
2. 3.1'5 1. 81'
21 1. 94 1.32
22 2 . 19 1.83
23 2.97 1. 57
24 1.38 2 .3 4
25 2 . 03 1.67
26 1. 85 2.20










27 14 1 3
648
12 3. 17
-- -- -- ---------- -- ----------------- -- ----- --------------
-J .0'%
c yc l e 211 21 2 213 21. 215 216 217
- ------------ ----- --- - ----- --------- - - - - - --- - ---- - ---- - -
v eh i c l e
1 2 .42 2.73 1. 47 1. 65 1.97 1.99 1.70
2 2.92 2 .02 1. 51 2 .29 1. 67 3.17 2. 62
3 1.89 1.4 8 1 .70 1. 99 2 .29 1.30 1. 31
• 1.38 1.26 1. 56 1.67 1.61 1. 10 1. 545 1. 47 1. 29 1. 32 1. 43 1. 81 1. 49 1.24
6 1.65 1. 7 J 1 . 41 1. 84 1.46 1 . 54 1. 84
7 1. 33 1. 16 1.35 1. 51 1. 73 2. 56 1.69
8 1.53 2.39 9.99 1. 79 1. 78 1.78 1.92
9 1.63 3. 26 2 .96 1. 56 1. 39 3 .02 1.85
1. 1.44 1. 97 1. 66 1.9 9 1.39 1.72 1.37
11 1. 53 2 .23 2 . 07 1.12 2.94 1.39 2. 29
12 1.57 2.77 1.99 2.23 1.53 2.91
13 1. 98 2 . 42 1.47 1. 43 1.46
1. 2 .25 2 .07 2 .46 1.67 1. 14
15 1.74 1. 66 1 .40 1.69 3.23
16 2.33 2.46 1.84 1. 59 3.93
17 2 .06 1.25 1. 29 2.88 2 .1 5
1 8 2 .24 1 . 57 1.79 2 . 02 1.58
19 1. 0 3 2.17 1.63 1. 39 1. 81
2. 2.29 3 .71 2 . 56 2 .72 1 . 62
21 2. 12 3.56 1.14 1.46
22 2 . 25 1. 26 2. 31 1.92
23 1. 82 1.87 1.37 2 . 59
2. 2. 75 2 . 19 2. 06
25 2 .9: 9 .81 2 .2 8
26 2.28 3 . 52 1.6 4
27 1.94 1.95





-------------- ------ -- -------- ---------- -- -- --- --- ------
no . of
ca rs pe 2. 12 28 23 26 29 11
cycle
650
cycle 2• • 2.5 2" 2. 7 2•• 2. 9 21.
veh icle
1 3 .20 2 .41 1. 90 1.5 8 1.44 2 . 21 1.28
2 2.30 1.58 2 .4 5 1. 90 1.1 5 1. 46 1 . 44
3 3 .50 1. 6 8 1.79 1. 81 1. 84 1. 27 1. 97
• 3 .29 1. 94 1. 61 1. 21 2. 26 1. 57 1.115 1.28 1 .2 1 3.82 1.23 1.51 1.0 9 1.64
6 2 . 24 1.79 2 .02 2. 11 1. 98 2 . 93 1.81
7 1.06 1. 56 1. 58 1. 76 1. 57 1. 39 1.54
• 2 . 49 1.41 1. 22 2 .24 1. 3 3 2.2 59 2 . 77 1. 7 5 2 . 84 1. 58 1. 32 1. 35
lB 1. 88 3.66 2 .70 2 .14
11 1. 38 2 .08 1.7 3 2 . 10
12 2 . 52 2 . '16 2 .29 2.00
13 2 . 10 1. 56 1. 56 1.11
"
1. 8'1 1.46
15 2 .'13 1.6 8
16 1. 99 2 . 16
17 2. 13 1. 42
ra 1. 56 2. 56




















































1. 77 . 2 . 47
1. 66 1. 60




2. 16 1 .38











































c yc 1@ 225 22 ' 227 22. 229 23. 231
--------------------------------------------------------
vehicle
1 1.48 3 .8 5 1.67 1 .7 8 2 . 49 1.99 3.23
2 1.64 2 . 38 1.47 1. 93 3.33 2 . 39 2 . 35
3 2 .57 1.62 2 .97 1.18 1. 62 1.32 1.78, 1.19 2 .37 1. 85 1. 81 1.36 1.48 1.36
5 1.72 1.56 2 .4 6 2 .43 1. 87 1.84 1.72
• 1.4 2 2 . 35 2.11 2 .B7 2. BB 1.7 67 1.95 1.33 1.81 1. 84 0 .82 1 .37
• 1. 23 1.58 1.37 1 . 87 2 .13 1.7 9s 1.68 1.6 2 1.00 1.60 2 . 08 1.93
"
1.83 1. 44 1.58 1.39 1.7 8 1.19
11 2.79 1.93 1.74 2 .14 1 . 67
' 2 1.43 1.65 2. 48 2. 55 1.34
13 1.23 1. 95 1. . 3 2 .33
14 2 .09 1. 43 1. 84 1. 24
IS 1.86 1.73 2 . 35 2 .37
16 1.19 1.53 1.86 2 .60
17 1.77 1.32 1.60 1.65
ra 1. 07 I. G1 1. 53 2 .8 7
19 1 .9 9 2 . 38 3 . 22 1.53
2B 3.'. 1. 98 1 . 47 1 .77
21 1. ':1 1.82 1.61 2 .38
22 1 . 47 1. 48 1.59 1 .61
23 2 .45 2 . 73 2 . 96 1.27
24 1 .2 5 1.91 1.51 1.93
25 1.62 1. 83 1.55 2 . 29















cycle 232 233 234 235 236 237 238
veh icle
1 1.59 2.24 1.84 1.44 3.13 3.15 2 .313
2 1.31 2 .65 1.15 2.29 1.57 2 .42 1. 97
3 1.44 1. 38 1.18 1.86 1 . 87 1.57 1. 56
4 1.61 1. 37 1.11 1 .50 2 .05 1.82 1.45
5 1.37 2 .25 1.57 1.53 1. 15 1.60 1.65
6 1.55 1.79 1.38 2 .12 2 .67 1. 52 2 .23
7 1. 24 1.86 1.58 1.35 1.93 2.14
8 1. 94 2.54 2.51 1 .39 2 .19 2.22, 2 .88 3.413 1.93 1. 5 8 1. 51
10 i . 85 1.1b 1.713 1.23
11 1. 72 3.55 1.213
12 1. 74 2.49 1.99
1 3 1.51 3 . 513 2.42
14 3.13 2 .513 2.21
15 2 .73 2.66 1.98
16 1.56 2 .07 1.14
17 1.39 1. 29
18 1. 36 1.69



















- 3 . 11\
cycle 239 24. 241 242 243 244 245
veh i cle
1 2 . 1l2
2 2 .5 9




























1 . 46 2 . 21 i . ae 2. 28 1. 7 8 1. 41
2 .41 1. 38 1.38 1. 66 2.1l2 1. 54
1 . 7 4 1. 58 1. 59 1. 99 1. 91 2.93
2 . 19 1.75 2 .92 1. 46 1. 67 1. 23
9.93 1. 28 1.41 1. 62 1. 42 1.19
1 .82 1. 33 1 .4 3 2 .91 1. 45 1.36
1 .4 5 3 . 99 1. 48 1. 94 1.38 1.54
2 .69 2 . 21 1.67 2 .47 1.4 8
3 .16 2. 19 1.22 1. 18




























10 1. 3 2
--- ----- - -- ----- ----- - --------- -- -------- ----- --- -------
- 3. B\ mean - 3 . 0\
no . of head stan
cycle 246 247 "8 249 cycles sees dev
-------------------------------------------- --- --- ------
vehicle
1 1 .9 4 1. 81 3 .3 1 1.44 2 49 1.9 9 0 .62
2 1.71 2 .30 1. 38 1. 86 248 1. 98 0 . 61
3 2.00 1. 43 1.40 1. 27 24 4 1. 85 0 .56
• 1.93 1.62 1. 34 1.82 238 1. 84 0 .565 2.23 1.37 1. 07 3 . 30 23 4 1. 84 0.59
6 1.41 3 . 06 2.7 6 1. 53 230 1. 84 0.51
7 1. 66 1. 2 0 1. 96 1.73 225 1. 80 0 .55
8 1. 47 1.22 2 .74 213 1.8 1 0 . 49
9 1.5 8 1.4 0 i .aa 2 04 1.87 0 .57
10 1. 65 1. 84 1. 44 190 1. 91 0.57
11 2. 21 4.57 1.7'" 1 82 1.94 B. 71
1 2 2 . 45 2. 16 2 .16 167 1. 85 0 .52
1 3 1. 29 2 . 53 1 52 1.95 B.59
14 1.11 135 1. 92 0.67
1 5 1.7 0 1 21 1. 9 4 1'1.51
1 6 2 .69 11 2 1. 9 9 0.56
17 1. 73 1 03 1. 99 1'1. 65
18 1. 27 96 2.0 0 0 . 64I. 1.44 85 2. 03 1'1 .60
20 2 . 04 78 2.22 1'1 . 75
21 1.72 71 1.94 11.68
22 69 1. 96 11.59
23 67 2. 10 8 .69
2. 66 1.97 0 .57
25 sa 2.09 1'1. 62
26 53 2.8 9 1'1. 65
27 3 . 1.93 0 .58
2' 31 1.83 0 .56
29 21 1. 7 5 9 .39
30 11 1.99 0 .93
31 6 1.61 iI. 15
32 2 1. 81 0 .55
----,------ -------------- -- ------ ---
no . of




- 3 . 0\ - 3 . 0\ HEADWAYS
s t an mi n max
cycle dev head head
---------------- -- ----------
veh ic l e
1 8 .62 8 .82 4 . 28
2 8 .U 8.97 5 .36
3 0 .56 9 . 95 5 . 88
• 8 .5 6 8 . 98 4. 965 8 .59 11 .93 6 .43
6 8 .51 1 .114 3.81
7 11 . 55 11 .82 4 .86
• 0 .49 0 .64 3. 51s 8.57 8. 66 3. 91
1. 0.57 9 .95 4. 56
11 11.71 9 . 91 5 . 61
1 2 9.52 0 . 99 3.39
13 111. 59 0. 59 3.92
14 0 . 67 11 .86 4 .4 9
15 0. 51 9. 99 3.67
16 11.56 1. 11 3 . 62
17 0 .65 11 . 74 4.22
1. 0 .6 4 1. 87 5 .35I. 8 .69 9.52 3.81
2. 8 .75 1. 11 6 .98
21 8. 68 9 .92 4.17
22 9.59 1.07 3. 62
23 8 . 69 0 .9 4 3 .87
2. 8. 57 9 .68 3. 51
25 8 .62 9 . 8l 3 .61
26 11 . 65 8.93 4 .87
27 0 .58 1.211 3. 47
2. 1l. 56 1. 16 3 ..30
2. 0 .39 1. 23 2 .80
3. 0. 93 0 ..57 3 . 66
31 8 .1 5 1. 36 1 . 81
32 0 . 55 1. 25 2.36
no . o f




Data fo r anal ys is
Th is Appendi x con tains t he fi nal data s et of 7 200 hea dways ,
Fo r each of t he f ive s tudy a pp r oa che s, hea dway da t a i s
p r ov Ided fo r eac h o f t he twe l ve que ue po s it ions under e ach of
t he t wo weathe r co nd i tions . The r e a re sixt y obse rvat ions a t
each que ue position.
657
f al r f a l r fa i r fal r falr fair
+7. 2\ +7. 2' +7 .2' +7. 2\ +7 .2\ +7 .2'
1 2 3 4 s s
1 4 . 33 1.22 1.56 1. 88 1.55 1. 24
2 1. 57 2 .05 1 . 55 1.78 1.97 1.38
3 3. 96 2 .90 1. 29 1.94 1.71 1.0 6
4 2. 97 2.35 1.7 4 1.81 1.11 1. 2 4
s 1.84 1. 53 2 .14 l.88 2.22 1. 4 5
s 1. 25 1. 80 2 . 19 9 .82 1. 49 1 .92
7 2 .2 1 1.49 2 . 35 1. 91 2 . 21 2 .59
• 1.98 2 . 85 1.93 1.1 7 2 . 15 1. 34
• 1. 42 1. 69 1.36 1 . 59 2 . 13 1. 5918 1. 43 2. 59 2 .79 1. 67 1.39 2 .44
11 2 .16 1. 69 2 . 33 2 . 16 1.38 2 . 18
12 2. 94 1. 84 1. 44 1.1 6 1.65 3 .97
13 1.68 1. 85 1.30 1.59 1.39 1.29
14 1. 23 1. 22 1.06 2.28 1.69 1.09
IS 2 . 91 1. 55 1. 54 2 . 14 0 .88 2 . 36
16 1.41 1 . 3 9 1.61 1 .93 1.51 1.5 2
17 1.48 2 .88 1. 84 1. 95 2 . 91 1.24
18 1. 20 2 . 31 1. 85 1. 81 1. 29 1.64
19 2 . 47 1. 90 3 . 32 2 . 38 1. 22 1.63
"
2 .3 7 1.59 1. 31 1. 62 1.1 2 1.99
21 2 . 72 1. 34 1.1 2 1.7 6 1.37 3 . 89
22 2 .0 8 1. 44 2 . 35 2 .26 3.96 1.38
23 1.88 1. 39 1.7 9 1. 44 1. 24 2 . 1 2
24 2 . 10 2 .60 1.76 1.13 1.94 1.77
2' 1.69 2 .84 1. 8B 1. 21 2 .12 1.29
26 2 .32 1 .B 6 1.53 1.92 1.93 2. 11
27 1.7 2 1. 4B 1.77 1.02 1.69 1.64
2. 3 .8 4 1. 27 1.69 1.54 1.78 1 . 36
2' 1.14 1 . 38 2.09 2 . 69 2 . 21 1.08
38 2 . 47 2 . 16 1. 45 2 . 55 2 . 13 1.75
31 1.64 1 .28 1. 54 1.31'1 1.71 1.80
32 1.18 1.18 1.78 1.96 1.71 3 .01
33 2. 33 2 . 15 1. 75 3 . 15 1.32 2 . BI
34 1.63 1. 24 1.4 0 2 . 08 1. 24 1.36
3S 2 .83 1 .25 2 . 35 1.7 6 1. 41 8 .97
3' 1. 33 1.7 9 2 . 95 1.18 1. 52 1.7 9
37 2 .40 1 .65 1.36 2 .14 1.52 1. 83
38 2 . 65 1. 88 2 .23 2 . 5 0 1.15 1.7 4
3. 1. 35 2 . 1 2 1. 89 2 . 41 1 . 89 1. 46
48 2 . 27 1. 84 1.79 1. 44 1 .26 2 . 83
41 1. 91 2 .16 1.09 1. 97 2 . 77 1.94
42 1. 88 2. 75 1. 94 1. 26 1.92 1. 56
43 1.90 2 . 77 1. 93 1. 34 LSI 1. 25
44 1. 54 2 .25 3. 44 1. 94 1.1 9 1.27
4S 1.92 2 . 36 1. 31 1. 24 1. 65 1. 35
46 2.94 2 . n 1. 21 1.49 1 . 65 1.11
47 1 . 98 1. 90 1. 88 1. 41 1 .4 2 1. 85
48 3. 48 1 . 46 2 .41 a.ar 1.52 1.30
"
2.3 8 1 .58 2 . 76 1.36 1 . 91 1. 20
6>8
5. 2 .65 1. 22 1.94 1.04 0 .91i 1.37
51 1.1 5 1 . 27 1.3 2 4 . 2 4 1. 54 3 . 18
52 2. 12 2. BI 2. 37 1. 24 1.99 1.21
53 1. 73 1.15 3 .96 2.se 1.17 1. 34
"
2. 41 3.27 1.2 9 1 . 52 1.41 1. 52
55 1.22 2 .4 3 1.96 2. 45 1.77 1.43
5' 1. 69 1.71 1.35 1.49 1.89 1. 96
57 2.57 1. 30 2 . 66 1. 88 1.13 2 . 17
5. 2.9 S 1.69 1.37 1. 98 1. 26 1. 17
59 1.7 3 l.UI 1 . 43 3 . 56 1.38 1 . 56,. 1.59 1.91 1. 110 2 .13 2. 18 1. 99
fair fair f a i r fair fa ir fair




1 1.77 1.1 6 2 . 39 2 .08 2 .95 2 .67
2 2.19 1. 40 2 . 52 1. 22 2 . 95 1.05
3 1.11 2.06 1.U 1.64 1. 46 1.14
• 3 . 54 2 . 96 2. 12 1.52 1.18 9. 945 1.5 3 1.34 1.19 1.33 1.76 1..98
• 2 .3 6 1. 82 2 . 83 2 .26 1. 73 1.177 1. 27 1. 88 1 . 55 1. 99 1. 69 2 .51
8 1. 54 1.24 1.65 1. 63 1. 41 1.77
9 1.48 2.48 1. 29 2 .25 1.67 2 . 59
1 . 1. 24 1.32 1.47 3.21 1. 29 1. 46
11 2 . 13 2 . 13 1. 77 1.72 1.49 2 . 41
12 1.64 1.81 1.73 1.83 2 .91 1. 57
13 1.76 1 . 49 1. 38 I . U 2.ee 1.65
14 1. 69 1.6 9 1.49 1.71 2.2" 1.77
15 1. 23 1.83 2.119 2 .59 1. 41 1.72
16 2 .9 5 1. 86 1. 03 1.57 2 .58 1.15
17 1.7 5 1.61 1. 39 1. 93 1. 19 2 .37
18 1.28 2 . 16 1. 21 1.37 2 .111 1.49
1 9 1. 47 1. 84 1. 56 1.61 0 .95 2 . 33
2. 2.1 6 1.5 2 2 .37 1 . 77 2.U 2 . 14
21 2 .19 1. 09 1. 3 2 1.31 1. 29 1.97
22 1. 45 1.55 1.56 1.49 2 . 11 1.57
23 1.20 2 . 42 1.7 5 1. 46 3 . 37 2 . 90
2. 1. 3 0 1. 7 9 3 .26 2 . 74 1.49 3.10
25 1.36 1. 27 1.45 1.24 2.22 1. 54
2. 1.1 9 1.34 1. 35 1. 8 4 1. 43 1. 28
27 1.34 lo ll 1.39 1 .97 2 . 10 1.68
28 1.44 1.68 1. 39 2 . 80 1.98 1.82
29 1.30 2 . 16 1.93 1.7 2 1 . 58 1.58
3. 1.88 2 .54 2 . 45 2 .07 1 . 51 1.5 2
'59
31 a.sa 2.23 2 .31 1 .27 1.17 1.96
32 1.65 3. 21 1. 2 8 1.60 1. 45 2.33
33 1. 47 1 .69 1.65 1.34 1. 51 1.72
34 1. 31 1 .il2 2 . 32 2 .61 1.5" 1.62
35 1. 54 1 .31 1 . 15 1 . 18 1.36 1.2 5
3' 2 . 12 2 . 29 3. 2 8 2 . 49 1.57 1. 27
37 l.I B 1 . 7 3 1. 25 1 .29 2 .04 1.19
38 1.68 1.31 1.15 1. 61 1. 33 1.42
J9 1.66 1 .72 2 .5 2 2 .91 1 .47 1.29
"
2.20 2.62 1 .88 3 .25 1.98 1.92
41 1. 58 1 . 75 1.'8 1.96 1.23 2 .U
42 1. 91 1. 22 1. 21 2 .62 1 . 5 2 0. 59
43 1. 23 1.79 1.47 1.71 1. 33 1. 27
44 1.7 3 1.46 2 .35 1.52 1 ..73 1. 24
45 0 .8 2 2 . 26 1.72 1.01 1. 47 1. 27
4' 1. 55 1. 84 1 .41 1.37 1. 83 1. 21
47 1.39 1.17 1. 32 1.25 2 . 16 2 .35
4. 1. 32 1. 38 2 . 94 2 . 23 1.13 1 .14
49 1.911 1. 54 2 .U 1.72 1 . 87 1.7 9
5. 1.73 1 .13 1.43 1.39 2 . 37 2 . 99
51 1.39 2 .9 1 1.59 1.71 1.95 1.39
52 1.73 1.B8 1.51 1 .3 6 3-D7 1.26
53 2 .1 5 , . 37 1 .55 9 . 34 1. 93 1.3 4
54 1 . 26 J..58 2 . 11 2. 33 2.29 1.3 5
55 1.98 2 . 29 1.83 3 .41 2 . 12 1. 01
5' 2.52 1.41 2 . 11 1 .94 1.39 1 . HI
57 2.28 1.90 1. 59 1 .64 2 . 7 1 loBI
5. 2 .53 1.59 1.96 2.52 1.7 9 3.21
59 1.29 1.29 1. 29 1 . 59 1.37 2 .23
sa 1.16 1.87 2. 10 1. 43 1.9B 1. '28
f air fai r fair fa i r fair fa i r
-7. 2 ' - 7 . 2' - 7. 2% - 7 . 2 ' - 7 . 2 ' - 7 . 2 '
1 2 3 4 5 s
1 1. 92 1. 52 2 .51 2 .94 0. 70 1 .96
2 1.54 2 . 54 1. 00 1.2 2 3 .06 1 . 41
3 1. 50 1. 20 1.31 1.84 2 .04 3 .21
4 1. 98 1. 76 2.40 2.62 2.BS 1. 3 2
5 0 .78 1 . 93 3.12 1. 41 1 . 5 9 2 .39
• 1.14 1. 42 1. 68 0.71 2 .55 1. 2 87 2 .72 2. 1B 1. 33 1. 48 l. 4 6 1 . 04
• 2 .50 1.90 2 . 26 2 .00 2.5 1 1. 4 B9 2 .73 1.0B l.BB 1. B6 3 .29 1.50
10 1.67 3.14 1 .16 1.25 1. 2 1 1.21
11 1.82 1.23 1 . 3 4 2 .B1 l.40 1 . 93
1 2 1.72 2. 16 2 . 85 1. 0 2 3 .39 1.4 2
ss ,
13 1.7 9 1.38 1.89 1.33 2 . 0 4 2.19
14 2 . 23 1 .17 2 . 18 1.88 1.07 2 .96
1 5 1. 51 1.73 1.14 3.4 5 1 .6 5 1.87
"
1.59 2 .8 8 2 .28 1 .6 4 1. 54 3 .49
17 2 . 18 1. 98 1.44 1.53 1.0 6 1.57
1 8 1.54 2 . 23 1.4 5 1. 39 3 ..11 1.48
"
l. 39 1. 50 1.25 2 . 9 8 2 . 09 1.98
2. 1.3 2 2 .8 3 2 .29 1.38 1 .52 1.31
21 1.72 1. 54 3 .0 4 1. 3 5 1 .13 2 .1 2
22 2 . 84 2 .88 1.64 2 . 57 3 .62 1.41
23 1.83 1.67 1.30 1 . 41 0 . 54 2 . 13
2 ' 1.74 1.83 2.76 1 . 28 3. 95 2 . 1H
25 loU 1.79 1.93 2. 45 2 . 97 1.1 8
2. 2 . 37 2 .U 2. 1 9 3.0 4 2 . 3 6 1.38
27 3.28 1.68 2. 96 1.99 1.3 5 2 . 48
28 1. 58 1.86 1. 7 8 1,40 1 . 90 1.9 2
2. 1. 87 2 .18 1. 35 4 .93 0 .91 2 . 0 4
30 2 .87 1.54 1.73 1.37 2. 05 3.16
31 1.68 0.70 3.46 1.6 5 2.99 2.""32 1.95 2 .39 2.0 3 1. 8 6 1.03 2 .78
33 1. 95 1.25 1.41 1.80 1.75 1.41
34 3.19 1.81 1.90 2 . 0 6 1.4 8 2.64
35 1. 57 1.51 1.19 3 .79 1.6 8 1. 99
36 1. 81 1. 97 2. 72 1. 6 4 2."" 2 . 5137 1. 50 9. 94 2. 42 2. 59 1.56 1.41
38 1 . 51 1.91 1.33 3 . 4 4 J.4B 1.77
3. 0 . 96 1. 27 9 .98 4 . 1 8 2 . 0 6 1. 27
"
1. 55 1.70 1.73 1. 39 1.12 1.83
"
1 . 63 1.63 1.52 2 .04 3. 09 1.62
'2 1.13 1.33 2 037 1.64 2 011 3 058
43 1.1 2 2 051 8 097 1 06 2 1. 3 9 1. 37
44 1. 54 3 033 2 083 2 051 2. 24 1.98
' 5 2 07 8 3 025 1. 22 3 008 1.83 1.1 3
46 2 . 28 2 063 3.17 1 00 2 1.61 2 039
'7 1. 57 2 011 9 2 024 1.14 1.89 1.65
48 1.34 3 041 2 .3 3 10 29 1.83 1.79
'9 1..62 2 . 49 2. 1 2 1 062 1. 24 2 041
58 1.40 3 . 53 3 098 2 039 2 065 1.19
51 1.92 1. 35 1.65 1.93 1. 54 3 006
52 lose 1.61 1 027 2 041 1 09 4 1.28
53 2 068 1. 30 1.66 1.69 2 00 3 1. 39
5' 1 041 1.78 1 089 1.76 1. 51 1.6 6
55 1. 49 2 005 2 091 1. 7 3 2 020 1. 65
56 1. 63 2 .09 1.43 1. 33 1.98 1 040
57 1. 69 3 065 2 043 1. 3 5 1.81 2 016
58 1. 44 1. 98 1.81 1. 95 2 02 4 1.66
5' 2 087 1.62 1.92 1.56 2 . 23 1. 80
.. 2 040 1. 08 1.38 1 05 2 1.77 1.25
661
fair f air fair fai r fai r fai r
- 7.2% -7.2% - 7 . 2' -7.2% - 7 . 2% -7 . 2%
7 •
, 10 11 12
1 1.74 1.92 2.01 0.99 2 .20 1.47
2 1.39 2 .88 1.69 2.75 2 . 6 0 2.19
3 1.79 1.93 2.10 1. 5 5 2 .18 1.7 6
4 1 . 5 9 1.95 2 .33 1. 95 2 . 69 2 .92
s 2.38 1.11 2 .44 2.51 1. 66 1. 48
6 1 . 37 3 .93 2 . 11 2 .59 0 .8 6 1.38
7 1 . 9 3 2 .37 1.92 1 . 3 9 1.59 2 .24
• 2 .07 2 .41 1.58 1. 2 2 3 .79 2.51, 1.21 1.50 1. 49 1. 82 1. 3 9 1.46
"
1 .75 2.06 1. 7 5 1.21 1. 24 3.37
11 1. 2 5 0.93 2 .25 2 .23 1.1 5 2. 49
12 3.39 1 .52 1.97 2. 2 8 0.95 1. 46
13 1. 5 6 1. 5 8 1.43 1.32 2 .26 1.32
14 2 .90 1 .26 1 . 84 1.87 3. Bl 1.87
"
1 . 96 1.77 1. 85 2 .99 1.99 1. 6 2
16 2 .66 1 . 6 5 2.28 1. 51 1.6 3 1. 46
17 1. 7 9 2 .96 2 .37 1. 6 3 1.5 9 2.119
1 . 1. 6 5 1. 83 2 .72 2 .59 2. 92 2.12
"
2 . 05 1. 08 2 . 61 1.53 2 .44 1.58
2 ' 1. 6 8 2 .20 1 . 50 1 . 44 1. 26 3 .22
21 1. 61 1. 77 2 . 42 2. 48 1.97 2.05
22 0 .9 4 1. 97 2. 14 1 . 61 1.6 8 1. 55
23 1.8 4 1. 6 3 1. 56 2.73 1.76 1.6 2
24 1. 6 2 2 . 10 3 . 17 1.5 4 1.8 4 1.41!
25 1 . 4 4 1 . 1 7 1. 7 0 2 .17 1. 5 2 a. se
26 1 . 4 8 1. 2 5 1. 3 8 0 .86 2 .6 4 1. 29
27 0.71 1. 57 1.45 1. 27 4 .23 1. 32
2 . 1.82 1 . 6 6 1 . 93 3. 3 4 1. 0 6 2 .26
29 2 . 18 1. 96 1 . 43 3 . 11 2 .13 1. 31!
30 2.05 1. 61 1. 1 6 1. 84 3 . 1 2 2.83
31 2 .7 9 1.51 2 . 81 2 . 11 2 .22 0 . 86
32 1.34 2 .97 2. 11 1.48 2 . 81 1.13
33 1. 2 0 1. 3'7 1. 60 1. 37 3 .18 1.72
34 2.13 1. 49 2.32 1 .66 1. 3 8 5 .42
35 1 .6 9 4.82 1 . 2 9 1. 56 1.6 5 1. 76
36 1. 51 1 .93 1 .56 1 .37 2 .71 1.29
"
2 .24 2 . 31 2. 34 1.3 5 1.39 3 .47
3. 1. 7 6 1 . 37 1.1 5 1 . 57 1.5 4 2 .87
39 1.81 2.00 1 .03 1.16 2 .50 2.17
.. 1 . 7 4 3. 10 2.99 2. 20 1 . 87 3 . 89
41 2 .47 2.82 2 .11 1.6 2 3.1 8 1.67
42 1.45 1.79 2.37 2 .05 1. 21 LIS
43 3 . 0 5 1. 30 2 . 31 1 . 87 3 .96 1. 83
44 1. 62 1. 95 3 . 18 1 . 87 1. 47 1. 46
45 1.57 2.3 0 2 .16 1 .27 1. 90 0.81
4 6 1 . 44 2 .26 2. 3 4 1 . 3 3 3 . 09 1 .49
66 2
. • 7 1. 81 2 . 1 2 1.59 1.78 I.U 1 .35
48 1.46 1.41- 1 ~ 2 2 2 .62 2.74 1.73
.. 2 .59 3.11 1. 93 1. 42 1 .22 B.75
5. 2 .38 1 .95 1. 85 1.55 1 .9B 1. 55
51 2 .32 1.91 1.97 1.58 2.95 1.53
52 2 .01 1.96 2 .06 3.1 2 2 .41 1 .46
53 1.46 1.18 9 . 92 2 . 22 2 .4 1 3 . B7
54 1.97 2.33 3 .24 1.69 2 . 44 1.45
55 1 .57 1. 34 1.21 2.n 2 . 37 1.50
5. 1.65 2.52 1. 90 3 .H 1.39 1 . 38
57 3 . 51 1 . 89 0 .99 1. 4B 2. 24 2. 17
5. 2 .19 2 . 55 1.85 1.89 2.29 2. 16
5. 0.94 2 .28 2 .B4 1.4 2 1. 99 3 .BS
•• 1. 59 1. 1 9 1.48 2.72 4 . 82 1. 83
fa i r fai r fai r fair fair f a i r
- 0 . 7\ - 0.7\ -0 . 7 \
- 0.' \ - 0 . 7 \ - B.7\
1 2 3 • 5 •1 2 .39 2 .51 2 . 14 1. 12 1.18 2. 22
2 1. 96 3 .08 2 .55 1. 21 1.96 11 .52
3 1. 34 2 .29 2 . 5 2 1. 5 6 1. 29 1 . 63
• 1.38 2 . 61 2.71 1.33 1.53 1. 585 3.75 2 .67 1.88 2 . 63 1.78 2.8 8
• 1.87 1. 311 1.84 1. 5 1 1.31 1. 397 2 . 78 1. 56 1.71 1.19 2 .57 1. 22
• 2 .9 7 1.27 1.63 2 .74 2 .61 1. 51
• 1. 38 2 .28 2 .97 2 .63 1.46 1. 83re 1.96 1. 9 4 2.57 2 . U 1.79 2 . 69
11 1. 94 1. 41 1.36 1. 48 2 . 14 1.26
1 2 1. 9B 2 . 1 8 1.37 1. 7 6 1.32 2 .72
13 2 .45 2 .89 1.15 1. 46 2 .88 2.84
14 1. 27 2 . 32 2 . 37 LSI 3.14 1 . 99
15 2 .35 1.73 2.23 2 . 27 1.24 1. 49
rs 1. 83 1. 68 1.89 1. 74 2. 22 2.17
17 1.56 2 . 1 2 2.3 B 1. 55 1.75 2. 14
1 . 1. 81 3 . 1 1 4. B2 1.96 2. 13 1 .4 7
1 . 1. 41 1. 5 9 2 . 20 1. 55 2. 90 1. 28
2. 2 . 74 1 . 90 2 . "6 1. 59 1.29 1 . 85
21 2. 23 1 .23 1.49 1. 81 1. 93 1 . 57
22 1.33 1 . 81 1. 76 2.B3 1.78 1 .7 9
23 2. 64 2.36 1. 40 2.05 1.58 1 . 46
2. 2 . 11 4 . 72 1.1 2 2 . 03 1. 60 1 .31
25 1 .88 1. 47 1. 70 1. 99 2 .B7 1. 632' 2 . 07 2 . 1 8 3 . 45 1. 51 0 .9 3 1. 3927 1.9" 2. 4D L71 1. 43 3.29 1 . 15
2. 1.94 1 .56 1 . &9 1. 36 1.8B 2 .57
" 3
2. 1.67 2 .23 1.64 :".56 1.74 2 .55
30 1. 42 2. 72 1. 22 1. 45 1. 65 2 . 80
31 2 .3 4 2 .9 3 1. 84 1.51 1. 75 2 . 40
32 1.86 2. 67 1 .81' 1.67 3 . 21 2 . 30
33 1. 82 1. 98 2. 32 3.03 2. 37 1.68
34 2 . 56 1. 68 1. 49 2 . 03 4 . 40 1 .69
35 2 .18 1.60 3 .27 lo U 1 . 22 1. 5 4
3' 1.89 1.67 1.46 2 . 20 1.46 1.60
37 1. 5 5 2 . 18 1 . 82 4 . 56 2 . 33 1. 31
38 5 .69 1.73 2. 34 1 .63 2 .22 1.45
3 ' 2 . 91 2. 16 2. 37 2 .27 1 . 73 2 .66
.. 1 .14 1 . 39 1 . 39 1 . 94 1 . 84 1.11
41 1.23 2.46 1 .80 1.59 2 .64 1. 21
42 1. 91 1. 56 1 .96 1. 79 1.54 1.83
43 1.1 2 1 . 57 1 . 91 1.27 2 .39 1. 8 5
44 2. 13 1. 28 1 . 83 3.54 1.95 1 . 74
45 1. 47 1.31 1.99 9. 96 1 . 89 1 . 47
46 1 .97 1 . 67 2 .93 1. 29 2 . :8 2 . 9 0
47 2 .28 3 . 15 1 .96 1.8 9 2 . 36 1.43
48 1. 22 1. 44 2. 34 1. 72 2 . 33 2 . 13
4' 1.51 1. 99 1. 74 1.36 1. 27 1. 76
50 2 . 12 2.32 1 . 12 2.38 1. 57 1.30
51 2 . 21 2 .5 7 2.15 1. 6 8 3 .11 B.89
52 3 . 36 1 . 45 1. 48 1 . 7 3 1.22 2 .32
53 2 .19 1. 36 3 . 44 1. 16 1. 34 1.31
54 3.13 2 . 55 2.60 1.1 3 1.50 3 .91
55 2 .19 1 . 67 2.23 2 . 13 1. 26 1. 37
56 1 .43 1. 89 1.74 1. 47 1. 75 2 . 45
57 3.13 1.81 1.29 1. 58 1.59 1 .98
58 2.38 2 .54 2.17 L 89 1.24 1 .77
59 1.13 1. &3 3 .65 2.50 3. 22 2.22
' 0 1. 41 1. 93 2 .5 9 1. 63 1. 82 3.22
f ai r fair f a i r f ai r f a ir fai r
- 9 .11 - 9.7 ' - 9 . 7\ - 9 .7 \ -9 .11 - 9 .7 %
7 8 • 10 11 1 21 2 .1l. 2 .13 2. 11 1.67 2. 81 2 . 90
2 1.70 2 . 2 4 1.69 2 .27 2 . 69 1. 64
3 1.15 2 .1 5 1 . 73 2 .28 2 . 26 2 . 16
4 2 .6 3 2 . 18 1.66 1 . 53 1.18 3 . 19
5 2 . 14 1.61 1. 96 1 . 26 1.73 2 . 04
s 2 .4 0 1.79 2 .09 1. 6 0 1. 27 2 . 04
7 1.77 2 . 62 2.76 1. 06 1.87 1.95
8 1. 86 1. 69 1.49 2."" 1 . 98 1. 78
• 4 .08 1. 94 1,7 8 1.37 2 .18 2. 0'810 1.33 1. 57 2. 16 2 . 014 1.B4 1. 32
66 4
11 2. 63 2 . 15 2 . 62 2 . 56 2 . 49 1. 82
1 2 3.62 4 .71 2 .35 2 . 21 4 . 4 4 1.55
13 1.22 1. 20 1.48 1.86 1. 55 1. 23
14 1.94 1.89 1.53 1. 90 1. 7 3 1.67
15 1.90 2.30 1.95 1.18 1. 57 1 .71
16 1.02 2.73 1.54 2 .8 4 3.17 2 . 51
17 1.47 loll 1.33 1.60 2 .79 1.44
1 8 l. 88 1.88 2 . 11 . 1 .13 2 .89 1.6 4
1. 1.86 1.39 2 . 99 1.35 2 .13 1.92
2 ' 1.42 3 .47 1. 99 1. 81 3.84 2 . 38
21 2 . 82 2.55 3 .28 1. 96 1.74 1.3 2
22 1.92 1.88 1.71 2 .9 1 2 .11 1 . 24
23 1.95 1.64 2 . 86 2.23 2. 46 2 .45
24 l. 96 1.69 1.6 8 1.46 1. 83 2 .68
25 1 . 52 1.37 0 . B0 9 .8 9 3 . 60 1. 22
26 1. 45 1.39 1. 23 !Z. 92 1. 94 1. 6 4
27 1. 65 2 .6 3 1.60 2.17 1.95 1. 80
28 1. 7 1 1. 48 3 .17 2. 34 2 .82 2 .9 6
2. 1 .89 l.86 1. 66 1.62 1. 68 2 . 40
3. 2. IHl 1. 84 1.71 2 . 41 1.81 2.03
31 1.78 2 .25 2 . 12 1. 55 O, 87 2 .97
32 2 .45 2.51 1.76 1.76 1. 41 1.11
33 1. 39 1.41 1.97 2. 64 1.7 2 2 .10
"
2 .71 1.41 3 . 13 2 .3 3 1. 22 1. 43
35 0 .97 1. 69 1.7-1 1.3'" 2 .22 1.39
3 6 2 .87 1.71 2 . 36 2.52 1. 9 5 2 . 11
37 2 . 40 2 .33 1.45 2. 25 1 .24 1. 39
38 2 . 1 2 2.12 2 .46 2. 36 2 .54 2 .26
3. 1. 81 2.11 1.65 l.IB 2 .2 4 1 .72
"
1. 88 1.58 1.33 2. 1 8 0 . 98 1.24
41 1. 69 1. 84 1. 01 3 .26 1.49 2 . 23
42 1. 39 1.68 2. 61 1 . 78 1. 21 2 .49
43 3 . 28 1.68 1.58 1.71 2 . 76 1. 59
44 1. 29 1 . 53 1.915 1. 415 2 .40 1. 53
45 1.83 1 .67 1.69 1.60 1. 49 a.ze
46 1. 29 1. 81 1. 21 2 . 15 3 . 57 1. 57
47 3. 14 1.508 1. 96 1. 28 1. 59 8 .88
48 2 .11 1.13 1. 27 1.81 1. 35 1. 10
4. 2 . 11 2 . 82 1.50 1. 84 2 .55 1. 89
50 1.87 2 . 44 2 .34 1. 88 2 .26 1.1 5
5 1 2.29 3 . 89 8 . 9.01 1. 58 1.13 1. 45
52 1. 55 2 . 86 1. 99 0 . 96 1 . 65 1.15
53 1. 99 2 . 19 2 .95 2 . 96 1.60 1.66
54 1. 7 5 1.57 2 . 80 3 . 24 1. 50 2 . 61
55 2 . 44 2.18 1.54 1. 85 1. 69 1. 93
56 1.74 1.57 1.85 1. 46 2 .26 2 .58
57 1. 53 2 .89 1. 96 1.59 3 .55 1.73
58 1. 66 1. 98 1. 02 2. 27 1. 6 4 2 . 32
5. 1. 93 3 . 31 1. 42 1. 81 1.49 1.93
68 1.71 1.79 1. 25 1. 92 1. 73 1. 82
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fa ir fai r fair fai r fair f a i r
+3 . 9% ! :!.0\ +3.8\ +3.iJ% . +3.0% +3.0\
1 2 3 , s 6
1 1.90 2 . 35 1.81 1.19 2 .66 1 . 5 0
2 1. 53 2 . 15 1. 62 3 .33 1.50 1.24
3 2 . 10 1.93 2 .31 2 .13 1.32 1.17, 2.3 4 2 .31 2.98 1. 04 2.20 1 . 7 5
s 2 . 06 1.1.0 2. 31 1. 27 1. 36 1. 41
6 2 .00 1. 89 1. 91 e.92 2 .9 5 1.28
7 1.75 2 .43 2 .31 1.52 3 .ll1l 1. 87
8 1.38 2.88 1.34 1. 35 a.sa 2 .O4, 2. 62 1.10 1.2e 2 .3 1 3 .04 2 .38
18 1. 32 1.74 1 .07 1. 44 1 .0 6 r. sa
11 1.22 1 . 5 2 1 . 23 1. 35 1.82 1. 17
12 1 .34 3 .4e 1. 03 1. 32 1. 25 1. 25
13 1.64 1.16 2.42 2 .41 4 . 62 0 .96
14 2 . 17 1.83 1.62 1. 95 2.13 1. 69
rs 2.36 2 .28 1.63 2.1'lll 2 .21 2. 70
16 2. 53 1.17 1.12 2 .54 2 .0 6 2 .06
17 1.42 2. 60 1. 22 1. 84 2 . 18 1. 46
18 2 .77 1. 63 1 . 94 2. 04 1.69 1. 79
rs 1.17 2 .51 1. 41 1.94 4. 05 1.1 6
20 3.61 1. 49 1. 22 1. 34 1. 22 1. 70
21 1. 45 1. 33 1.76 1.93 3 . 01 2 . 19
22 2 .3 5 1. 7 9 1 . 79 1. 48 1.14 1.59
23 1. 07 2 .26 1. 82 1. 40 1.96 1.29
2' 2.68 2 .54 3 .83 1. 56 1.77 1.7 2
2' 1. 29 2 . 49 1.56 1. 98 1.96 1.8 2
26 1.78 2.11 1.80 1.43 1. 43 2.27
27 1.68 1. 52 1. 46 1. 29 1 . 60 1. 26
28 1. 57 1. 7 3 1 . 94 1. 02 1 . 61 1.41
2' 1. 38 3 . 43 2. 34 1. 83 1.2 0 3 . 4£1
aa 2 .07 1.7 4 1.94 1. 73 2.03 1.76
31 1 . 85 2 .25 2 . 41 2.34 2 .28 2 .89
32 1.95 1. 39 1 . 59 1. 28 2.30 1.66
33 1. 71 1.72 2 . 52 1. 57 2 . 33 1. 64
3' 1.4 8 2 .65 2 .46 1. 41 2 .03 2.93
3' 1.68 2 .21 1 . 81 2 .36 1.38 1 . 30
36 1.42 1. 46 2 .64 2.11 1.66 1.80
37 2 .15 2.52 1. 60 1. 43 1.44 1.44
38 1.47 1. 66 2 .48 1. 41 2 . e0 1.55
3' 2 .14 2 . 40 1 . 53 1. 48 1.96 1. 29
"
2.58 1. 41 1.43 1. 63 1. 70 1.43
'1 1.54 2.55 1.93 1. 8 4 1 .71 1.43
'2 2.72 1.56 1.78 1. 69 1.84 2 . 63
43 1.67 2 .58 3 .92 1. 40 2 .97 1. 21
44 1 .56 1 .86 2.11 1. 88 2.05 1.6e
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45 1. 57 1.39 1.93 1 .83 1. 41 2 . 2 4
4. 1.43 1. 59 2 .20 1. 49 1.30 2 .83
47 2 .38 1.7 5 1.34 1. 98 1.68 1.85
48 1.32 1.23 1. 83 1.53 1.53 2.64
4' 2 .22 2 .08 1.44 1.62 1.08 1.63
SO 1.31 1.64 1.91 1.63 1.42 2 .85
51 2.36 1 . 89 1. 48 1.41 1.69 1.68
52 1.65 2 .44 2.61 1.19 1. 74 1.94
53 1.6 8 1 . 28 1.78 2. 35 2 .11 3 .14
54 2 . 8 0 1 .36 1.50 I .U 2 .5 2 0 .45
55 1.66 3.41 1.64 1.86 2 .74 1. 2 5
5' 1. f.8 1 .71 1.32 2.46 1.53 1 .94
57 1. ~ 9 1.41 1.16 2.n 2 . 51 1.27
58 2 .2u r .ca 2 .7 4 1. 37 1.83 1. 83
5' 1.90 1. 49 1.82 1.42 1.74 1. 31
.. 2 . 54 1.11 1.57 1.B3 2 .26 2.34
fafr f a i r f a i r fair fair f a i r
+3 .0\ +3 .0\ +3 . 0\ +3. 0\ +3 .'" +3 .'"
7 8 • 18 11 121 1 . 8 8 2 .9a 1 .66 loll 1. 87 1 .92
2 1.07 3 . 11 2 .64 1.21 2 .08 1.57
3 1. 8 . 1.36 1.B8 2 .U 2. 46 1.04
4 3 .54 2 .4 4 2 . 14 1. 26 1.43 8 .92
5 1.71 1. 2 9 2.33 1.98 0.43 1.83
• 1 . 4 .~ 1.34 i .es 8 .8 6 3 . 86 2 .097 2 .19 1.23 1.62 0 . 93 1. 27 1 .51
8 1. 2 4 3 .86 1.25 2 .53 1.81 1.38
• 2.04 1.59 2 . 52 1 . 35 1.64 1 .14
"
1 . 6 0 2 .7 5 1.25 1 . 87 1.37 1.31
11 1 .43 2 .28 1.33 2 .57 2 .18 1. 24
J2 1.82 2.37 2 .59 1.42 1 .37 1. "7
13 1. 58 1.25 2 . 14 1. 76 1.24 1.67
14 2 .29 1 . 6 2 9 .9 7 1.89 1 .68 1.16
1 5 7 .3 9 1.39 1. 95 1.70 1. 63 2.0 8
1 . 1. 36 1.12 2 .9 4 1. 32 2 .93 2 .66
17 1.5 9 2.14 3 .9 4 1. 22 1.17 1.71'1
18 1. 3 3 2 . 60 2 . 92 1. 79 2 .27 1.39
19 1.59 2 .0 6 2 . 17 1. 27 1. 39 1.63
"
2 . 62 1 . 54 1 . 86 1.96 2 .24 1.6 5
21 1.36 1 . 85 1.13 1. 89 1'1.98 3 . 30
22 1.81 1. 50 1.61 1.65 2 .88 1. 55
2J 1. 64 1.43 3 . 413 1. 39 1 .32 1.19
2 4 1.6 4 1 . 56 2 .01 2 . 12 1.99 1. 32
25 3. 38 2.5"' 1.18 1. 24. 1. 42 1.43
26 1. 43 2 .03 2.68 1. 36 1.90 1 . 51
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27 1.54 1. 5 8 1 .13 1. 45 9 .99 1.52
28 3.39 1. 92 1.16 1.39 1.81 1.17
29 1.34 1.02 2 . 21 2.34 1. 1/1 6 3 .24
38 1.21 2.91 1.99 1 . 40 1. 21 1. 49
31 2.44 2.57 1. 82 1.711 1. 45 1. 5 9
32 2 .56 1.63 2 . 17 1. 24 2 . 15 1.29
33 1. 38 2 . 00 1.16 1 .98 1.42 2 .0 4
34 1.44 1.74 2 ~39 2 . 1 8 1.67 1.81
35 2.19 1.43 2 .91 1.81 2 . 1 2 1 . 96
36 1 . 24 0.88 1.11 1 . 45 1. 71 3.56
37 3 .10 1 . 17 1. 59 1 .74 3.32 2 .B7
38 1. 92 3 . 89 1 .74 1 .1l4 2.28 2 .55
39 1.57 2 .19 1 .35 1 .84 1.99 1 .43
48 2.82 1.22 1.16 2 .20 1.64 1 .85
41 lose 2.52 1.42 1. 54 1. 79 2 .61
42 1. 37 1.12 1. 94 1. 99 1.53 1.79
43 1.65 2.45 1.19 2 .29 1.93 2.39
44 1.36 1. 84 1.9 9 1. 67 2 . U 2 . 33
45 1.66 2 .1 5 1.43 1.52 1.37 1.53
46 1. 72 2 .7 5 1.36 3.02 2 .25 1.90
47 1. 87 1. 99 1.50 1. 61 1.6 8 1.51
48 1.48 1.08 1. 51 1 . 72 2. 38 1. 08
49 2.46 1.53 1.1 2 1.75 1. 27 0 .94
58 1. 59 2 . 7 5 1.16 1. 95 1 .42 1.57
51 1.98 2.84 1. 38 2.53 B.9B 1.82
52 3 . 23 1.93 1. 84 2 .48 1.51 1.99
53 1.95 1.51 1.29 1.91 2.15 1.17
54 1. 8B 1.35 1 . 95 1.52 1.93 1.35
55 1. 49 1.87 2 . 41 2 .33 1 . 34 1.23
56 1. 59 1. 95 1. 73 1.62 1.93 2 .69
57 lo U 1.79 1.6 6 1.81 2.32 1.08
58 1.22 2 .88 1.72 1.66 1 . 66 2.95
59 1.19 1.15 2 . 09 1. 46 1.2 6 1.15
68 0 . 98 2 .30 1.01 1.13 1 .56 1.6 4
fair fair fai r fair fai r fair
- 3 . &\
- 3 . '" - 3. 0\ -3.Bl -3 . 0\ - 3 .91
1 2 3 4 5 6
2. 43 1. a9 1. 43 4. 95 2 .3 6 2 .4 4
3.22 1 . 17 2 .57 1.70 2 .77 2 .0 5
3 .6 9 2 .16 1.28 1.98 3.29 3 . 48
1.28 2 .6 9 1 .58 3 .5 7 2.48 1.52
L aB 1.36 1 .36 1.94 1.99 2. 95
2 . 58 1 . 7 1'1 1. 46 2. 50 1. 77 1.92
1. 31 3 . 98 2 .31 1.84 2 . 43 3 .91
2.43 2.15 1.5 9 2. 16 1. 72 1.89
6 68
, 1.44 2 . 60 2.n 1.12 2 . 6 4 2.16
10 2 .2 4 1. 60 2 . 96 2 .30 2 .53 2 .le
11 2 .72 2.56 1.58 1.56 1 . 49 1.82
12 0 .99 1.7 2 1.22 1.93 1. 6 0 1. 53
1 3 1.84 2 .67 2 .99 1 . 6 6 1 .65 1.66
14 1 . 49 3.46 1. 21 2. 51 1. 7 9 1.1 3
1 5 1.9B 2 .50 1. 8 5 1.61 2. 20 1. 89
1 6 Z. 83 2 . 7 6 1.33 2 . 90 1. 86 1. 3 0
17 2 . 73 2. 4 5 1. 73 1.62 1 . 61 1. 46
1 8 2 . 74 1.84 1.31 1.39 1.56 1. 54
rs 1.52 2. 09 2 . 23 1. 21 1.46 2 . 10
20 1.62 2 . 10 1. 54 1.49 2 . 25 1.55
21 2 . 23 2. 26 1.7 4 2. 60 1. 60 1.17
22 2 .16 1. 40 1.61 1.61 1. 62 1. 71
23 1.25 2 .64 1 .59 2.97 1. 9 4 2 . 1 8
2. 1 .31 1.60 1.38 2.41 1.84 2.13
25 3 . 76 1.82 2 . 71 1. 91 1.79 1. 42
26 LSD 1 . 56 I. 4 fi 1.71 1 .87 1.43
27 3. 13 2 .U 1.46 1.62 1.82 1. 38
28 2 .88 2. 32 1. 93 1. 69 1 .98 1 . 51
29 1.83 1.87 1 .69 1.68 1.96 1.46
38 2 .116 1.61 1.74 2.94 2 .09 1 . 69
31 1.88 1.80 1 . 57 2.19 1 .84 1.60
32 3 . 39 2 .28 1.7 2 2.02 2 . 42 1. 81
33 2 .28 1. 56 1. 5 4 1.89 1.41 2 .25
3. 1.73 1. 89 1. 06 2 . 11 1. 7 3 1. 49
35 3.97 1. 46 2.52 1. 96 2 . 28 1. 8a
36 2 .23 1. 8 4 1. 7 4 1.76 2 . 83 2 . 50
37 1.99 1. 98 2 .93 1. 87 2. 85 2.55
38 1. 41 1.79 2 .29 2 .31 1.7 6 1. 55
as 1. 38 1. 97 2 .64 2.33 1.7 2 1. 94
48 1 . 58 1.52 2.58 1. 99 1.90 2 . 16
41 1.33 3 .41 1.21 2 .21 1.81 1. 96
.2 2 .39 1. 53 3 .-48 1. 2-4 1 . 71 1. 56
43 1. 80 2 .37 1.85 1.79 1.9B 1. 95
44 1.18 2 .39 1.54 1.63 1.77 2 . 30
.5 1. 41 2 .94 1.22 1.86 2 .99 1. 29
. 6 1. 91 5 .83 1.88 1.64 1.7 4 1.n
.7 2 .71 2 .65 1.9 4 1 .61 2 . 23 1. 66
.8 2. 47 1.91 3 .29 1. 95 1.99 1. 54
"
1 . 63 1. 9 4 1. 6 8 1.78 1.68 1. 41
58 2 .14 1. 83 1. 2 9 1. 86 2.33 1. 21
51 2 . 14 2 .05 2. 88 1.17 1.49 1.76
52 1. 44 2 .33 1 .94 1.89 1. 55 1 . 54
53 1.95 1.6 8 1. 65 1.67 1.43 1.76
5. 2 . 33 1.6 4 2 . 2 11 0 .99 1 . 89 1. 83
55 1 . 21 2 . 46 1 . 5 8 2 . 27 1.99 2. 37
56 2 .19 1 .59 2 .94 1. 84 1 .71 2 . 09
57 1. 96 0. 97 1. 9 0 2 .00 1.30 1.84
58 1.92 1. 5 8 1.3 0 2.00 1. 41 1.27
5' 2. 65 0 . 99 1.58 2 .86 1 . 26 1.85
68 1 . 86 2 .29 1.38 2.'''1 1 .37 1 .87
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fair fair fa lr fa lr fair fair
-3.'" -3 ."\ -3 . '" - 3 . 0% -3 .0% -3.0%
7 8 9 10 11 12
1 1.18 1.63 2 .78 1 .52 1. 29 L SI'
2 1.91 1.1'17 3.91 1. 57 1.62 1.11
3 1.95 1. 9 4 1.35 2.34 3 .00 1.25
• 1.57 1. 36 1.32 1.91 1.84 3 . 265 1.68 1.77 1. 37 1 . 37 1.27 2 . 35
• 1.91 1 . 85 1.46 1 . 91 1.12 1.917 2 .01 2 .48 2 .31'1 1 . 51 2 .4 2 1 .23
8 1.17 1.51 2 .74 2 .15 1.88 1.43
9 1.92 1.36 1.21'1 2.36 2 . 22 1.57
i a 2 .13 1.01 1 . 86 1.86 2 . 72 1,47
11 2. 15 3 .39 1.52 1 .33 1.61 1. 91
12 2 .17 1.40 1. 39 1.17 1.41 1.49
13 1.68 1.77 2 . 15 3 .11 2. 88 1. 59
14 1.78 1. 85 1.64 2 .2 5 1.31 1 . 89
15 1.93 1. 84 2 .29 2 .82 2 .73 2.41I. 1 . 61'1 1. 7 9 2 . 63 1.66 1. 86 1.23
17 1. 54 1.76 1.54 2.86 1.97 1.79
18 1. 48 1.85 1.136 3.137 2 .3 5 2.29
19 2.61 1.97 2 .23 2 . 56 2.43 1.42
2' 1. 28 1.60 1.93 1.62 1.77 1.83
21 2 . 21 1. 89 1.85 1.57 1.76 3 .34
22 1. 23 1. 51 1.97 1.97 3 . 07 2 . 10
23 1.42 2.14 1.79 2 . 15 2 . 02 1.13
2. 3. 05 1. 95 1.66 1 .72 1.75 2.39
25 1.37 1.71 1. 29 1,97 2.83 1. 61
2. 2 .81 1.66 2 .45 1 .92 1.92 2 . 1'1 13
27 1.12 1.67 1.47 2 . 13 1.94 1 .79
"
1.88 1.47 2 .79 2.45 1.72 1.37
29 2. 09 1.75 2.27 1 .53 1 .2 4 1.81
"
1.31 1.32 3.59 1,63 1.81 1.53
31 1.9 4 2. 93 1. 63 1 .63 1.68 1. 58
32 1. 713 2 .1'13 1.52 1 .98 2 .13 1 .34
33 2 .1 9 1 . 88 2 .43 1.48 1.24 1.91
34 1.87 2 .06 1. 58 1.79 1.88 2 .02
35 1 . 97 1 .51 1.71 1.89 2 . 71 1 . 24
36 2.1'18 1.30 1.23 2. 3" 1.19 1.66
37 1. 03 1 . 62 1. 91 1.54 1. 47 1.37
38 2 .93 2 .89 2 .94 1 .69 2.11 2.63
39 1.49 1.5 9 2 .64 1.78 1.69 1.93
.. 2 .30 1 .67 2 .25 1 .68 1.50 1.82
41 1.70 2 .04 2 . 9 2 1. 25 1.77 1.62
42 2.23 1. £1 3 1.70 1.28 1.37 1.4£1
67.
43 2 .19 1."2 1 .87 1.8 4 1.7 5 2 .27
.. 1 . 43 1. 21 1 .18 2. 35 2 .12 1.33
"
1.37 1.78 9 .97 1.10 1. 37 1.81
46 1 . 11 1. 9 9 1 .17 1.49 2 .12 2 . 25
47 2 .19 1.32 1 . 16 l.iJ7 2 .26 l. 1 8
"
1. 46 2. "B 1. 44 2.19 2 . 43 1. 29
49 1. 21 1.61 1.34 1.83 1. 45 1.1 9
"
1. 11 1. 23 1 . 41 1.86 1.72 1.5 9
51 1. 81 1.32 2. 31 2.78 1.53 1.17
52 1.27 2 . 15 1.89 1.98 1.43 lo BS
53 1.11 1. 59 2 .24 9.95 1. 58 2. 91
54 1 . 49 2. 19 1. 71 2 .2 8 1. 24 1. 89
55 1 . 92 1. 99 1.98 1.52 1.48 2 .46
56 1.52 1. 85 2.28 1.81 2.12 1.45
57 1.47 1.63 1. 5 2 2.14 1 . 9 4 1. 4 8
5' 1. 84 1 .47 1.54 2 .36 2 .58 1.85
5' 2 . 24 1.78 1. 49 1 . 30 2 .92 1.37
6' 1. 95 1. 46 2. 1 2 2. 17 3.99 2 .25
poor po o r po o r poor poor po o r
+7 . 2' +7 . 2% +7. 2\ +7.2\ t7.:l\ +7. 2\
1 2 3 4 5 6
1 1. 97 2 . 71 1.17 1. 82 1. 81 1.51
2 1. 67 1. 46 1.38 2 . 14 0 .62 2.B 4
3 1.92 1. 45 1.38 1 .09 2.30 3 .17
1 1.90 1. 31 2.24 1.82 1 . 13 2 .16
S 2 . 73 1.18 2 .40 1.86 2 . S1 1. 31
6 2 .83 1. 56 2. 9 8 9 .96 5. 47 lo U
7 2 .78 2 . 88 1.97 1.70 1.71 2 .74, 2 .5 6 2 .54 1 .83 2 . 74 1.16 2 .35
s 1.43 2. 61 1.59 1. 86 2.71 1.52,. 4 .92 2 .33 1.71 1.93 1.41 2 .93
11 2 .76 1.7 3 2 . 45 1.4121 8 .93 1.78
12 2 . 83 2 . 92 1.3 2 3 .51 2 . 97 1. 21
13 1.86 1 . 3 5 1 .45 1.95 1.42 2 .74
14 1. 29 1. 66 2 .47 2 .98 1 . 12 3 .46
15 3 . 29 1 .3 £1 1.19 1.78 2 .23 1. 27
16 2 .56 1. 69 1. 61 1. 70 2 . 37 2 .U
17 1 .3 9 3 . 48 1. 89 2 . 27 1.7 8 1.91
18 3. 37 1.7 8 2. 99 2 .98 1.29 2.76
19 1.94 1.34 2 .04 3 .39 1. 66 1.35
2i 1 . 22 2. 74 2 .13 3.2 9 1.70 9.63
21 1 . 43 1. 77 1. 60 1. 7 8 1. 28 1.94
22 1.87 1.04 1. 63 2.3" 1. 89 1.27
23 1.88 1.69 2 .41 1.87 1.88 1.79
24 1.48 3.74 2 . 7 6 1.2 0 1. 23 2. 43
25 1. 90 1. 2 5 1.34 1.93 2.25 2. 78
26 2 . 19 1.25 2 . 36 2 .23 2 .29 2 .2 1
27 2 . 04 1.28 2 . 40 2 .59 2 .64 1.67
2i 2 .£11 1.55 2 . 17 3. 91 1.1 9 1.67
611
29 1.5 8 1.86 1. 41 1, 48 2.93 2 . 4 2
3. 2. 31 1. 4 4 2 .9 9 1.39 2 . 1'5 1.92
31 2 .17 2 .22 2 .12 2 .2 0 1 . 58 1.92
3 2 1. 43 1.72 1. 95 2 . 16 1.88 1.65
33 2 . 34 1. 82 2 . 137 1.86 1. 27 1.76
34 2.16 1.49 1.72 1.913 1.46 1.51
35 2 . In 3 . 11 1. 64 2 .94 2.69 1.99
36 2.89 1.28 1.71 2.64 1.29 1 . 6 13
37 2 .55 2.29 1. 63 1.85 1 .66 2 . 9 8
38 1.97 2 .83 1. 63 2.35 2 .913 3 . 24
39 1. 97 1.88 1.98 1.94 1 .64 2.29
4. 1. 88 1.85 2 .9 5 1.59 1 .64 1. 8 0
41 1.12 2 .61 1.58 2 .3 1 1 .82 1. 9 5
42 1.33 1.42 2 .34 2 . 16 1. 47 1.60
43 3 .0B 2 .38 2. 58 1.98 6 . 58 1.90
44 1. 21 1. 87 2 . 23 2 .48 1.54 1. 2 8
45 1 .2 7 1.44 1.73 2 .74 2 .09 1. 64
46 1.78 1.72 2. 13 8 1. 95 1.82 1.67
47 2 .93 2 .1 2 1. 62 2. 10 2 . 23 1.98
48 2.29 2.38 2 .1'9 2 .32 3. 17 1.99
49 1.65 1.79 1. 60 2.116 1. 27 3.72
5. 2 .19 3. 58 1. 90 1.51 1.66 2 .135
51 1.32 1.73 2 .1 5 1.23 2.47 1.45
52 2 . 35 2 .96 1.7 8 2 . 32 2 . 1 6 2.65
53 2 . 71 1.42 1.92 1.29 1 .72 1.24
54 1.28 a.aa 1.41 2 .09 1. 97 1.48
55 2.40 1. 48 1 . 99 2 .29 2.17 1 . 72
56 2.33 2 . 7 4 2 . 33 3 .1'9 1. 89 1.74
57 2 .135 1.49 2 . 13 2. 92 2 . 15 8 1 . 88
58 2.24 2. 88 1.315 1.93 2 .91 2 . 73
59 1.91 1. 59 2 .61 2 .7 3 1.30 2.3 ~
6. 1 .72 2 .159 1.96 1. 32 2 . 23 1. 54
poor poo r p o or p oor poo r poo r
+7.2\ +7. 2\ +7. 2% +7.2% +7 . 2\ +7.2%
7 8 9 1. 11 1 2
1 2 . 61 2 .51 1. 98 1. B7 1 . 65 2 .49
2 1. 99 2. 23 2 .06 1. 44 1.97 1 . 7 9
3 3 .13 1. 47 1.15" 2 .96 1 ."2 1 . 6 8
4 2 . 2" 1.39 1 . 49 1 . 25 2.12 1. 8 4
5 1.51 1.86 2 ."2 2. 51 1.17 2 . 1 9
6 3 .49 1.93 1.53 1. 92 1.56 1.7 3
7 1.59 2.915 2 .8" 1.94 2 .2" 2 . 6 9
8 2 .39 2.29 0.89 1'1 .9 2 1. 42 2 . 1 8
9 2.34 2 .8 5 1. 2" 1.77 2 .59 1.78
1. 1.75 2 .41 1. 49 2 .5 1 1.78 2.95
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11 1. 7S 1 . 79 2 . 8 9 1. 83 1.62 2. 3 2
12 1.24 1.96 l. Bl 1.39 1. 32 1 .43
13 1 .52 1.69 2."'" 2 .53 2 .92 2 .3514 1.47 1.19 4.95 1.28 1.44 2 .17
1 5 1 . 6B 1.92 2 . 17 1.41 2 . 51 2 .91
16 1.33 1.48 1. 47 3.81 2 .52 2 .75
17 2 . U 2 . 22 9 .84 1.67 2 . 37 1.75
1 8 1.71 2 .44 2 .17 2 . " 5 2 .19 1.41
1 9 1. 4 2 '. • 98 LSI 1.83 2 . 41 1.32
20 1.91 2. 27 1. 27 1.61 1.71 1. 6 4
21 1. 37 1. 4 9 2 . 33 1.71 2 . 19 1.93
22 2 . 0 4 1. 99 1.35 1 .59 1. 93 1.38
23 2 . 56 1. 57 2 .98 2. 53 2 . 59 2 . B5
2 4 1 .55 2 .11 3. 21 1.93 1.7B 1.79
25 1.28 1.39 1.53 1.61 1.48 1.79
26 1 . 27 2.11 1.72 1 . 44 2.29 2 . 84
27 2 .26 2.27 1.14 1. 43 1. 97 1.6 4
28 2.27 1. 89 1.6 8 1. 61 1.19 1. 82
29 2 . 1 6 1.67 1.46 1.99 1.61 2 .62
30 1. 66 1.74 2 . 48 2 . 27 2. 74 2.58
31 1. 8 2 1.46 2.82 1.31 2. 45 1. 8 9
32 2 . 1''' 1. 91 1. 64 1. 48 1. 78 1. 94
3 3 1.56 1.58 1. 8 9 1. 55 1. 63 1. 53
34 1. 10 2 .26 1.59 1.55 1. 46 2 . 41
35 1.7 9 L IS 2 .10 1.56 1. 89 2 . 08
36 1.59 2 .3 8 1.25 1.55 2 .9 3 1. 81
37 1.38 1.62 1. 53 2.11 2 . 92 1.30
38 2. 36 1.66 1. 81 1.65 2 . 57 1. 37
39 8.9 0 1.47 2 .6 2 2.43 2 . 59 1.98
40 1.30 1.59 1.5 8 2 . 14 1.99 2 .2 4
41 1.91 2 . 21 1.99 2 .1 5 2 .25 1.82
42 1. 45 2 . 43 1.6B 3 .68 2 .15 1.92
43 1.98 1.61 1. 43 2 . 89 2 . 11 2. 3 9
44 2 . 25 1 . 73 3 .39 1. 72 1.59 2 .97
45 1.36 1.92 1.9 5 2. 33 2 .5 9 2 .31
46 1 . 75 2 .98 2 . 53 1.28 2 . 74 2.49
47 1.34 1 . 48 2 .39 1.46 1. 68 2 . 31
48 1.62 2 . 41 1 .84 1 .29 2 .9 7 1.32
49 1 .62 2 .83 2 .31 1. 33 1 . 43 1.66
50 1.29 1 . 63 3 . 11 1.57 1.87 1.73
51 1 . 74 1.39 2. 18 1. 29 3.85 1.39
52 1.80 1. 41 2 . 58 1. -44 2 . 19 2 .24
53 2 . 17 2 .17 1. 51 1. 95 2.54 1.13
5 4 1 .56 2 . 39 2 .96 1.1 9 2 .93 1.84
5 5 1 . 64 1. 73 1.6 3 1. 61 1. 43 2 .29
56 1. 47 1. 99 2 .42 2 .88 1.94 1. 32
57 1.2 9 1.33 2 .21 1.28 1.95 1.06
5. 3. 18 1.35 2 . 15 1. 80 2. 15 1.90
59 1. 46 1. 95 1.39 1.B8 1. 39 2. 62
60 1 .90 1 . 27 2 . 16 4 . 21 1.53 1. 31
6 73
poor poor poor poo r poor poor
- 7 . 2% - 7. 2% - 7 . 2% - 7 . 2% - 7 . 2% - 7. 2%
1 2 3 , 5 s
1 1. 98 1. 99 1. 81' 1.6 0 1. 99 2 .rn
2 1.31' 1. 39 3 .50 1 . 76 1.52 1. 57
3 1. 6 4 2. 13 2 .37 1. 23 1. 21 1. 62, 1.76 1 . 45 1. 82 2.00 1. 91 1. 77
5 1.87 1. 89 3 . 27 1.04 2.50 1. 81, 1.46 2 .22 2 . 16 1.85 1.97 1.31
7 1 . 96 2 .14 1. 36 1.10 2 .04 1.78
8 1. 23 1. 91 1. 39 2 .9'" 2. 18 1.79
s 2. 43 1.B 7 1. 96 1.93 2.90 1. 92
ia 1. 67 1.76 3 .50 2.49 1.70 1.46
11 2 .2 1 5 .B3 lo ll 2 .50 1.29 1.32
12 2.3 0 1.57 2.82 1.17 2 . U l. 0B
13 1.65 1. 59 1.73 1. B9 2 . 5 5 1. 4B
14 1 . 91 2 .97 2 . £14 L BB 2.45 L5B
15 1. 35 1. 75 1. 58 1.79 3.69 1.83
16 1 . 47 1.76 1 . 63 2 .74 1.BB l.51
17 2.37 4.9 5 1.56 1. 44 2. 92 2.65
1 8 2.53 1.53 3 .e4 4.eI 2 .98 2 .32
1. 2.39 1 . 61 1 . 97 1. 95 1.21 3 . 28
20 2.12 2 .22 2 .07 1. 59 1.62 1.B8
21 1. 47 2 .95 1.04 2 .7 0 1.16 2 .34
22 2.37 1.50 ".3-1 2 .23 2 .29 2.03
23 1 . 21 3 . 42 1. 47 1. 6B 1.01 4 .313
2' 3. 18 1 .9 4 2. eI 2 .51 1.24 1.73
25 1 . 89 1.32 1. 4B 1 . 7 1 1.25 1.92
2' 4. 43 1 .69 1. 31 0 .6 1 1. 42 1 .64
27 2 .43 2. 44 2.24 1. 83 3 .17 1 . 7 3
28 2.88 3.10 2 .59 2 .24 1.72 1 . 91
2' 1.66 1.79 2.B4 1. Bl 2. 56 2 . 49
"
1 . 23 2.38 1 . 5 8 1.83 1 .42 1. 21
31 2.611 2 .8 2 1.6 3 1. 26 1. 19 3 . 11
32 1 . 69 2 . 67 1. 7 9 3 .41 1.84 3. 11
33 1 . 22 1. 89 2 .89 L eI 1. 53 2. 65
3' 1 .85 1.99 1.61 1.61 1. 88 2 .98
35 1.49 1. 31 2 . U 1.72 2.97 0 .67
36 1 . 49 3 .08 1. 84 1.88 2 .52 1.41
37 3.2 4 1.34 2 .56 3 . 16 1.24 1.66
38 1 . 63 1.18 2.69 1.86 1.44 1.88
39 1 . 55 2 .13 1 . 7 0 2.59 1. 62 1.38
48 2.42 1. 98 1.12 2 .36 2 . 32 1. 42
41 9. 6l 1. 33 3.14 9 .78 2.133 1.3 5
'2 1. 49 1 . 28 1.86 3 .36 2 . 26 1.3 3
43 2. 22 2.75 1.54 2 .59 1.41 1.77
44 1. 37 1.77 1 . 32 1.86 3 . 93 1.65
'74
45 1.28 1.38 1.12 2 .30 1.43 2 .88
46 1 .98 2 .37 1.43 1.99 1.9 5 2 .06
47 1.36 2. 37 2 .93 1.73 0 . 80 1.5 2
48 3. 49 1.16 2.11 1. 51! 2. 9 4 1.7 6
49 1. 76 3. 34 2 .97 1.85 1 .61 1.94
58 1.84 1.88 2 .49 2 .87 2 . 13 2. 1 7
51 0 . 74 1.7'1 1.64 1.59 1.57 2 .51
52 1. 53 1.93 1.86 2. 18 1 .63 2 . 25
53 1.87 2 . 87 2 .43 1 . 53 2 . 18 2 . 19
54 1.16 2 .53 1.43 2. 1 7 2. 43 1.18
55 1.81 1.03 1.81 1 .49 2.92 1. 12
56 2.11 2.29 9 . 77 1.99 1.01 2. 57
57 1.80 2 . 62 1. 37 1.58 1.14 5.27
58 2.26 2 .56 2 .24 1.3 9 1.02 1.82
5. 1 .79 3 .2 2 1. 67 1.94 2 .48 3 . 54
"
1.22 1.66 2.26 1.95 1. 93 2.07
poor pooe poor poor p oor poor
- 1. 2' - 7 . 2\ - 7. 2 ' - 7 . 2 ' -7 .2' - 1 . 2 \
7 • • 18 11 1 21 2.94 1. 59 2 .24 1. 39 1. 25 l.ij2
2 1. 22 2.42 1.58 1. 9 4 1. 91 2 . 6 4
3 1.37 2 . 56 3 .47 1. 51 1.56 2 . 7 3
4 1.74 1.88 1.34 2 . 13 2 . 75 1.85
5 1 . 48 1.82 1.27 1.6 4 2 . 99 1.81
6 1.78 1.52 2 . 81 1. 31 2 . 18 3.16
7 2 . 83 1.48 1.46 2 . 14 1 . 84 1.53
8 2 .2 7 2 .13 1.17 1.39 1 .95 9 . 97
• 2 . 47 1.46 2 .01 3 .36 2 . 66 1.3910 1 .44 2.111 2. 87 3.26 2 .85 2 .1 2
11 1.25 1.58 2.81 1.7 9 2 .84 1.59
12 1.66 1.93 2 .56 1.63 2 . 17 2 .11
13 2 . 42 1.5 4 3 .Il6 2 .Il5 4 . 32 1. 99
14 1. 26 1.98 2 .50 1.68 1.23 1. 7 9
1 5 1.82 2 .88 2.Il 4 2 .1l7 3.1l4 2 . 45
16 1. 34 2 . 29 4. 67 1.46 1.86 2 . 1i18
17 1.61l 1.76 1.3 4 1.64 1.93 1. 82
I . 1 .47 2 .94 1. 52 1.69 1. 43 2.28
r s 1.19 1.42 1.43 2.65 1. 81l 1.71
2. 2.56 1. 83 1. 8 4 1. 7 0 2 .94 1.95
21 1. 30 1. 36 0 .97 1. 89 1.65 1.79
22 1. 57 2 . 97 1. 90 2 .35 1. 65 1.72
23 1 , 17 1. 95 1. 29 1. 51 3.Il6 Il. 90
24 1 .29 1 . 62 1.17 2 .17 1. 38 1.48
25 2.43 1. 90 1. 99 2 .26 1.21 2 .18
2. 1. 89 2 .47 2 ..72 1.71l 2.13 2 .48
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27 2.76 1.37 1. 5 ~ 2 .97 1 .44 2.26
28 1.67 1.43 1. 11 2 .17 1.52 L84
2' 2 .92 3 .06 2.52 1.60 1.37 1 .86
3. 0.99 1.54 1.91 1."" 1.53 2.7131 1.99 1.24 4.30 1.11 2,19 1.35
32 1. 14 2 .59 3 .69 2 .05 1.19 2.51
33 2.Bl 2.30 1.67 2.27 1. 90 2 .59
34 1 . 20 1.22 1.93 1. 91 2.84 1.48
35 1. 34 2.91 1.16 1.64 1.34 3 .12
3. 1 . 80 1.64 1.41 1.26 1. 23 2.B 1
37 1.64 1.5 2 1.83 1.46 2.58 1.76
38 3 .74 2.20 2.38 3 .11 1.99 1.35
3. 1.58 2 .43 1.54 2 .U 1 . 54 3.84
48 1. 67 2.53 2.60 1.59 1,88 1.72
41 1. 57 1.21 2 .15 1 .85 1 .19 2.99
42 1. 89 1.30 2.74 1.29 B.B3 4 .17
43 2.38 2."9 1.47 2 .72 1.26 1. 49
44 2 .24 2.77 2 .16 2 .69 B.97 2 . 11
45 1.77 1.80 1.11 1. 92 1.54 2 .B8
4. 1. 28 2.58 1.20 3.95 1 . 65 1.55
47 1. 81 2 .63 1.67 1.45 L89 2 .43
48 1.16 1.40 2 .24 3 .27 1.03 1.65
4. 2.52 2.12 1.62 1. 46 2. 11 1.78
5. 2.94 1.35 1.69 1.34 1.45 2.91
51 2 . 49 1.36 1.41 2.02 2 .71 1.74
52 2.6B 5.35 1.18 1.74 2.11 1.89
53 2 .23 3.32 2.31 1. 47 1 .21 3 .33
54 1. 63 1.83 1.47 2.34 2.3 1 2 .08
55 2 .02 i .ss 2 .25 1.71 1,1114 1. 39
5. 4 .27 1. 85 1.11 1.64 1 . 42 2.99
57 1.83 3.56 1.67 3.24 2 .39 1.71
58 2.15 LIn 2 .5111 1.04 2.1111 2 .58
5' 1.73 2.79 1.47 1. 38 2.5111 2 .36
.8 2 .48 2 .4 1 1. 41 1 . 98 1 . 52 2.48
poor poo r poor poor poor poor
-13.7%
-".7% -111 .7% -13 .7% - 1l.7% - 0 . 7 %
1 2 3 4 5 •2 .77 2.1112 1 .49 1. 111 6 1 . 98 2 .04
1.65 1.17 1. 44 1.32 1. 09 1 .71
2.47 1.47 1.25 1.98 2.02 1.39
2.98 2.47 2 .38 2 .95 1 .6111 2.92
2.26 1.82 1.38 2.99 3.27 1. 91
4.73 2.95 1.81 1. 94 1.53 1.74
1.08 1.91 3 .Hl 1 . 54 2.20 1.93
2.98 2 .18 1.89 1.39 2.48 1.32
'7.
• 1. 69 1.83 1 • •11 2 .63 1. 57 LB41. 1.68 2 . 27 2 . 04 1 .18 l .lJ 9 3. 119
11 1. 611 2 . B9 2.n 2. 33 1.13 1.87
12 1.95 1. 57 2.85 lo se 1.5 4 2 .09
13 1.40 3 . 27 1.84 1.23 1. 90 1. 39
14 1.48 2 . 3 5 1 .42 1.68 1. 87 1 .93
15 4.43 1 .14 2 . 69 2 .85 1. 95 1. 95
16 1.21 1. 69 1.63 1.94 1.67 2 . 38
17 1. 31 1.71 1.52 2 . 3 2 1.29 1.98
18 1.31 1.7 5 1 .45 2 . 03 2.3 4 1.7 5
I ' 1.97 1.63 1 . 8 9 1.S8 1 . 28 3 .472. 3.02 1.66 1.46 2 .81 2. 81 3 .11
21 2 .98 3 . 9 9 1.69 2 .69 1 .37 2 . 95
22 2 . 3 8 1.91 1. 81 2 .33 2. a0 1.15
23 1.91 2 . 0 9 1 .47 1.21 2. 83 2 . 33
24 1.58 1. 9 6 2 .32 1. 45 1. 71 L51
25 1.85 1. 9 6 1.47 1 . 55 1.97 1.97
26 2 .21 1.99 1.97 1.'13 1 . 82 1.35
27 2 .2 2 2.45 1.10 1. 86 1.79 1.59
2 8 1.24 2. 04 2 . 62 1. 46 1. 26 1. 37
2' 2 . 1 0 2.80 2 .45 l. SIJ 1. 81 1. 97
3. 1. 5 4 3 .49 1.57 1. 28 1.32 J . 02
31 2.30 1 .50 I . U Z . l S 1.48 2.7 6
32 1 .56 2 .40 2.07 2 . 1 5 1.71 1. 38
33 3.56 2 . 5 9 2 .6 3 1 .97 1 .46 1. 13
34 1.24 2 . B3 2.013 2 . 2 4 1 . 46 1 .49
35 1 .57 1.60 2 .52 2 . 26 2. 86 2 .25
36 2 .01 2. 2 9 1.79 1. 88 1.67 1 .8 3
37 2. 14 1. 91 1 . 7 8 1 . 69 1 . 83 2.18
38 1 . 7 5 ].32 1. 56 1 . 45 1. 81 1.38
3. 1.23 2 .13 1.93 2.27 2.87 2 . 44
4. 2 . 97 2 .89 1.2B 1. 33 1.7B 1.94
41 3.9 2 1.67 1 .45 1.31 2 . 42 2 .2 3
42 1.69 2 . 0 9 2 . B5 1. 87 1.21 1.56
43 1 .41 1.94 2 . 75 1.73 1. 19 1.64
44 1.69 1.84 1.48 1.79 1. 70 1.28
45 1 . 43 1 .53 3 .62 1 .98 1. 38 1.63
46 9.96 2 . 25 2 . 37 2 . 31 1 .U 1.71
47 1.56 1.4 4 2 . 30 1.42 2 . 74 1.74
48 2 . 19 1 .7 0 1 . 98 1. 59 1.85 2. 54
4. 1 . 8 8 3 . 49 3 .47 1. 31 1. 34 1.44
5. 1.71 5 . 75 1.87 2 ..98 1. 68 1.65
51 2. 3 7 1.47 1.7 9 2 . 20 1.66 1.62
52 3 . 72 1. 57 1.15 3 . 24 1.31 2 . 86
53 1. 4 4 2 .38 2 . 35 1 . 7 5 1. 60 2 .01
54 2.10 1. 9 4 1 . 36 1. 62 2. 12 l. 29
55 2. 1 4 1.39 2 . 53 1 . 93 4. 16 1. 13
56 2 . 0 2 1. 5 1 l.O B 1 .28 2 .1111 1.33
57 2. 2 1 1. 5 9 1. 87 1.43 1.58 1.55
58 2.38 3 .93 2 .6 4 1 . 38 1.61 1.94
5' 1 .1 9 1 .43 2 .92 1 . 9 8 2 .lB 2 .1 9
6. 1 . 6 3 1.66 1. 92 1. 54 1 . 82 2.42
677
poor poor poor poor poo r poor
-0.7% - '1. 7% - 0 .7% -'1.7% - 0. 7 % -0 .7%
7 8 9 1. 11 12
1 1.54 1.68 3 .40 1 .43 3.81 2.40
2 1.24 1.19 2.07 1.59 1.1 8 1.-47
3 1.45 1.8 3 1.85 1.37 1.16 1.59
• 1.89 2.09 1 . 53 0.93 1.29 2 .785 1.56 2 .94 1.68 2 .54 1,.8 0 2 .23
6 1.73 3.55 2 .05 1.40 1 .60 1.76
7 1.87 1.96 2.79 2.20 2 .38 2 .21
• '2.59 1.96 1 . 81 1.65 2.71 1.509 3.42 2 .47 2. 16 1 . 5 9 1.46 1.34
1. 1.52 2.36 1. 83 2 .76 1.49 2.14
11 1.73 2 .11 1.42 2 .133 1.41 2 .18
12 1. 26 1 .74 2.43 1 .54 0.95 3 .19
13 1.33 3 .58 1.79 1.46 1.39 2 .27
14 3 .34 2.27 1.88 2.50 1.30 4 .63
15 2.32 1.66 2 .59 l.75 2 .22 2 .65
16 1.41 1.28 2.96 3.132 2. 13 1. 51
17 3.43 2.37 1.59 1.37 1.99 1.14
18 1.25 2 .76 1.38 2.46 4 .11 2 .13
19 1.66 1.69 1.89 ~ .83 1. 86 1. 65
2. 1.53 2.34 3 .79 2 .84 3 .48 3 .44
21 1.97 1.90 2.66 1.31 2.91 2.fiIfi1
22 1.89 0 .95 2. 12 1.53 1.74 0 .90
23 2 .02 2 .59 2.55 1. 7 4 1.33 1.77
2. 2.94 1.65 2.70 1. 44 1.B0 2.72
25 1.61 1.33 2 .25 3 .1:' 2 .95 2.02
26 1. 43 3 ."7 2.23 2.34 1.50 2 .60
27 2 .60 1 . 53 1 . 13 3.74 2 .24 2.30
28 2.86 1.68 1.7 8 1 .87 1. 62 1.29
29 2.02 3.34 1.87 2.80 1.59 1.56
3. 2.06 1.04 2.95 1.73 1.14 1.84
31 1.48 1. 28 1.7 5 2 .22 2 .17 1.50
32 1.68 1.66 1. 62 2.3" 2.97 2.87
33 1.24 1.60 1. 91 2 .83 1.B7 1.59
3. 2 .17 1.36 2.81 2.35 2.45 1.58
35 1.66 1.69 1.69 2 .37 l.BB 2 .02
36 1.37 1.23 1.98 0.90 1.29 2.23
37 1.86 ~·.41 1. 87 2 .76 1.54 1.57
18 1.37 1.96 1.68 2.62 2 . 12 2 .79
39 1.06 1.33 1.67 1 .B3 4 .34 1.86
.. 1.54 1.39 1. 65 2.39 1.59 3 .06
.1 2.76 1.77 1 . 96 1.34 2 .7 1 3.56
.2 2 .54 2 .22 3.58 2 .08 2.03 3 .34
678
43 1.39 1. 29 2 .37 1.86 1.65 2 .50
.. 2 . 37 1. 57 2 .27 2 .99 1. 37 2 . 9 4
.5 1.56 2.92 2 .3 8 1. 5 5 1. 88 1.40
46 2. 38 1. 61 1. 68 1.80 3.IB 1. 24
.7 1.28 1.74 1.59 2.56 L SI l.51
4B 1. 99 1. 44 1.57 2. 15 4 .91 1.92
.. 1.78 2. 28 2 . 31 1. 23 1. 92 4 .68
SO 1. 24 1.79 3 . 95 1. 38 1.89 1 .6 3
51 1.42 2.72 2 .85 l.l S 1.75 3.19
52 2 . 21 1. 52 1. 61 2 . 88 1.96 1.39
53 1 .31 2. 9 6 1. 61 1.71 1.98 1 .39
5. 2. 45 1. 28 1. 27 2 . 43 4.41 1.B 3
55 2.n 2.18 3. 32 1.42 2 .9 1 1.1 2
56 1.58 1.49 2 .8 2 1 . 84 2 .12 2.58
57 2 .8 ' 2 . 15 1. 21 1.01 1. 24 2 .8 3
5. 2 .14 1.71 1.86 1.42 1. 86 2. B4
59 1. 2. 1.58 1.9' 1 .22 1.61 1.68
6. 1. 57 3 .3 6 1.40 1 . 50 1. 96 3.78
poo r poor poo r poo r poor poo r
+3 .9\ +3. n +3.8\ +3. 0\ H .n +3.0\
1 2 3 • 5 61 2 . 59 2 . 11 1 .44 1.77 1.86 3 . 46
2 1. 24 1.52 2 .68 1 . 8 9 1. 38 1. 44
3 2 . 71 2 . 65 2 .21 2.51 1.89 3 .4 3
• 1.56 1.37 1 .33 1 .66 1.37 2 .3 65 2 . 39 2 . S0 2 .28 1. 24 1. 84 2.92
6 1 . 66 1. 23 1.15 1.79 1.66 1.49
7 1. 611 1.70 2 .36 1.59 2 .61 2 .23
• 1.57 1.92 1. 94 2 . 29 1.94 1 . 969 1. 89 1 . 99 2 .26 2 .96 1. 93 2 . 30
I . 1.11'!1 1.81'!1 1.12 loU 1.11 2 . 04
11 3 . 38 2 . 59 1.92 1.44 2 .1 4 1.26
12 1.42 1.41 1 . 19 1.41 1.56 1 .9 8
13 2 .33 3 .23 1.66 1. 21 1.43 1. 46
14 1.48 2.28 2 .87 1.19 1. 32 1. 27
1 5 1 ~6 2 1.52 1.53 1 . 46 1. 49 1. 62
16 1.61'!1 2.14 2.8B 1.7 5 1. 93 1.44
17 1.67 2.11 1. 46 1. 28 2 . 39 1. 32
I . 1. 47 1. 46 1.11 1. 58 1.18 1. 41
19 1.66 1. 63 2 . 02 1. 24 1.31 1. 62
2' 1.87 2 .32 2.81 1.37 1.41 1.82
21 1 . 27 1.61 :'.• 43 1. 26 1. 81 1. 52
22 1.54 1.31 1.43 3 . 88 1.91 1.48
23 1.41 2 .23 1.92 1. 22 1.83 1. 34,. 1. 84 2 . BI 1 . 41 1. 22 2 .26 1 .19
679
25 1.74 1.53 1.56 1.95 1.59 2.25
26 2 .95 1 .6 7 1.83 2 . 83 1.41 1.711
27 2 .ll 0 .91 1.23 1. 21 1 . 25 3 . 2 5
2. 1. 29 2 . 31 1.57 1.95 loll! 1.54
29 l.1n 1.52 1 .64 2 . 52 1.82 2.7 4
38 2 .17 1.73 2 .33 1.63 1. 46 2 .24
31 1.46 4 .1 7 1.7 0 1. 39 1 . 97 2 . 92
32 2 . 14 1. 88 1. 54 r .se 1.18 2 .59
33 1.06 3 .60 1 .27 1. 63 1. 50 1 .42
34 1.76 1. 74 1. 13 1.48 1.55 1.46
35 1.98 2 .42 1.74 1 .49 1.50 1 .44
3. 1. 87 2 . 21 2. 47 1.48 2 .BS 2 .48
37 1. 59 3 . 54 1.94 l.85 2 . U 1.59
3. 2 .02 1.51 1. 42 1.40 1 .28 1.57
39 1. 29 1.33 1.56 2 .9 5 2.33 1.50
48 2 . 0 4 2 . 29 1.31 1.45 2 .58 2. 31
41 1 . 72 2 .15 2 . 33 2 .19 1 . 65 1. 96
42 2 .23 1.42 1.7 3 2 .11 1 .15 1 . 2 6
43 1. 73 1 . 76 1.51 2 . 03 1.49 2. 01
44 2 . 1'3 2 .05 3 . 46 1.45 1 . 56 2.59
45 1.34 1.2 9 1.29 1.42 2 . 71 1 .B4
4. 1 . 55 2 .17 1. 36 1.54 1.8B 1.06
47 1. 93 1. 78 1. 32 2 . 7 5 1 . 5 4 1 . 86
4. 2 .39 1. 43 1.66 1 . 91 1.99 3 . 46
4' 3 . 21 1. 55 1.48 1.38 1 . 29 1 .68
5. 1.73 1.7 2 1.56 2.74 2 .69 1.22
51 2 . 32 1. 94 2 .92 1.51 3 .89 1 .59
52 1.64 1.85 1.77 4 .46 1.33 1 .67
53 3 . 16 2. B5 1.22 1.7 4 1 . 81 3 .34
54 1. 63 1. 98 1.56 2 .6 5 1. 55 1.66
55 1. 42 1.86 1.97 1.56 2 .52 3 .09
5. 1. 83 1. 49 1.86 2 .69 2 . 91 1 . 99
57 1.52 2 . 1 2 1.49 9. 95 1.62 1.68
5. 1.77 1.81 1 .34 1.1 8 1.49 1.42
59 4. 97 1.59 2 . 01 1 . 53 1. 22 0 . 78
.. 3 . 17 1.49 1. 82 1 .4 7 1.19 1. 99
poo r pe er poo r poor poo r poor
+3 . 9 ' +3.'" +3 . !n +3 . 0% +3 .'" +3. 0%
7 8 9 1" 11 1 2
1. 50 1 .19 1 . 69 3.3 9 1.46 1 .79
1.63 1.23 2 . 15 2 .22 1. 43 1. 23
1.52 1 . 13 3 .23 1 . 43 1 .72 2 .66
1. 94 2 .37 1.63 2 .119 1 . 62 1. 9B
1. 25 1. 27 1.14 1 .68 1 . 36 2 .64
2 .22 1.54 2 .27 1 .38 2 .22 1 .65
68'
7 2.77 2.57 1.24 2 .7 4 1 .47 2. 11
8 1.95 l. 51 1.£IB 1 .84 1 . 48 2 .36
• 1 . 47 L 61 2 .94 1 . 2£1 1 . 45 1.2510 2.12 1. 36 1.45 2.18 1.44 2. 11
11 1.43 1.7 5 2 . 15 1.53 1. 48 1 .27
1 2 2 . 14 1 . 45 2.83 1 . 48 2.£19 1 .88
13 8.99 2 .93 £1 .84 1. 16 1. 69 1.63
14 2.05 1.27 1.96 1. 46 4 .95 2.78
15 2. 58 £1 .98 1.£Ig 2 . 48 2 .21 1 .50
16 1. 66 1. 88 1. 95 1. 39 1.61 1.71
17 1.33 1. 58 1.73 1. 17 2 .88 1.49
18 1. 33 3.13 3.2£1 1.91 2.38 1 . 35
1. 1. 13 1. 7 9 1.75 2.£15 1.49 9 .94
20 1. 29 1. 3 8 1.56 1. 82 1.65 1.41
21 1. 76 1. 69 1. 41 1.24 1 .57 9 .91
22 1.76 1. 6 8 1.74 1,1 8 1 .71 1 .42
23 1.61 1 . 3 2 1. 13 2. 73 1.4£1 1 .52
24 a.ai 1. 14 1.27 1 .69 1.43 1 .82
25 1.74 2 .37 1.46 2 .21 1 . 7 8 1 .34
26 1. 88 4 . 19 1.79 2 . 15 1. 97 1.38
27 1. 43 1. 66 2 .07 2 .64 1.76 2 . 82
28 1.39 2 .56 1. 21 1.38 1. 5 5 2. 1£1
2. 2 .£17 1.43 1.53 3 .53 1. 57 1.31
30 1. 63 1.37 2 .97 1.51 1. 6 5 1. 7 2
31 1.74 1.48 1.76 1.23 3. 28 1.69
32 2 .86 2.43 1.76 1.96 1.41 1.84
33 1.52 1.59 1. 39 2. 57 2.31 1.78
34 1. 57 2 .4 2 1. 53 1. 35 2 . 16 3.28
35 1. 44 1 .59 2 .48 1.66 1.66 1 . 95
36 1. 67 2 .23 1. 36 1. 47 1. 6 4 1.60
37 2 .23 1.56 1.27 1.25 1.06 1 .71
38 1.29 1.42 1.86 1.87 1. 1 3 1. 47
3 . 1. 44 1. 51 2 .64 1.55 2 . 16 1 . 5 5
40 1. 18 1.70 9.97 2.78 1. 28 1 . 77
41 2.38 1.67 1. 58 1. 92 1.23 1. 58
42 2 .34 1.41 3 .25 2 .03 2 . 37 11.96
43 1. 35 1.55 1. 6 0 1. 15 1 . 5 8 2 .00
44 2 .56 1.7 4 2 .30 1.46 1. 23 1.1 9
45 1.88 1 .51 1.61 11.84 3.1 9 1.46
46 1.50 1 ..46 2 ..1 2 LIS 1 ..94 z. r;
47 1. 25 1.1311 1. 45 1.39 2 . 16 1.89
48 1.02 1.33 2.135 1 .311 1. 3 8 1 .49
4. 1.4 4 1.77 2 .96 1.713 2 .42 2 .04
50 1. 53 1. 36 1. 64 2. 13 2 .09 1 . 43
51 2 . 20 2 . 27 1.16 1.90 1 . 97 1 .59
52 2.22 1. 33 1.35 1. 20 2 .31 1 .89
53 2 .53 3 .41 1. 48 1. 47 1.21 2.31
54 1. 9 11 1. 62 l.83 2 .80 1.55 1.25
55 1. 54 1 . 47 1.59 0 .9 5 1. 19 2 .B5
56 1.40 1. 33 1. 55 3 .31 1. 15 1.52
57 1.69 2 . 19 2 . 15 1.67 1.44 1.76
58 1. 54 2. 11 l. 81 2.06 2 . 18 1. 75
68 1
59 1.49 1.68 1 . 8e 1.45 2.58 1.93
sa 1.74 1.32 1.81'1 1.1'11 2.22 1.90
poor poor poor poor poor poor
-3 .8%
- 3. "" -3 .1'1, -3 .0' - 3 . 0' - 3 . 0'
1 2 3 • S
,
1 2 .16 2 .62 2.58 1.62 1.68 1.62
2 1.13 2 .19 1. 42 1.75 2 .09 1.61
3 1.28 1.42 2.41'1 1.98 1.54 2.12
• 2 .59 2.85 2.89 2.02 1.39 1.875 1.93 1.61'1 2.19 2.09 2.14 1.86
s 2.35 1.20 1.23 1.61 2.44 1.34
7 1.52 1 .58 1.59 2 .56 1. 32 2 .84
8 1.68 2 ..99 1.17 1.92 1.73 1.94
s 1.62 1.47 1.56 1.97 1.65 1.36
ra 1 . 68 1.58 1.80 1.70 1. 94 2.33
11 1.73 2.O4 1 .79 1.44 z.se 1. 67
12 2 .10 1.65 3.12 1.96 1.52 2.42
1 3 1.19 2 .19 1. 91 1. 96 1.58 1. 81
1. 2 .98 2 .27 1.7 5 1.52 3 .15 2.34
i s 1.79 2.14 1. 1 3 1.43 1.85 r .ss
16 2.66 1.78 1.45 2 . 19 2 .33 1.63
17 1.52 1 ..85 1.83 1.76 1.68 2.15
18 1. 76 1.32 1.18 1.17 1.33 2 .113
1. 2 .39 1 . 7 8 1.81 1. 41 1.76 2.73
20 1. 31 2 .2" 2 .13" 2 .0" 2 .51 2.115
21 2. 42 1 .13 2 .96 1.19 1."9 1.43
22 1.41 3 .54 2 .4" 1.4" 1.17 1.32
23 1. 52 1.62 2. 15 1. 45 1.09 1.61
2. 2 .53 1. 81 1.72 1.35 1.82 1.83
2S 1.87 1.46 2 .63 1.81 1.82 1 .67
26 2.53 1.48 1. 31 2.55 1.13 1 .67
27 1.7 5 2 .21 1 . 23 2. 12 1.83 1 .34
28 1.49 2.43 1.78 1.32 1.52 1.91
2. 1.17 1.69 2 .91 1.56 2 .07 2 .29
"
2.46 1.19 1.58 3 . 17 1.50 1. 19
31 1.78 1.72 2 .56 1.86 1.49 1.43
32 2 .49 1 .67 1.69 2 . 31 2 .12 1.57
33 1. 65 1 . 6 3 loU 1 . 76 1. 11 1.56
34 1.1'15 2.{H' 1.1 2 1.1C 1 . 90 2 .45
35 1.52 1.7" 2 .03 1.05 1.75 1. 41
36 3 .77 2.1 4 1. 57 1. 93 1.76 1.6"
37 1.46 2 . 72 1.51 1.67 2 .47 1.83
38 1.4" 1 .97 1. 52 2 . 19 2 .0" 1.68
3' 1.72 1.97 2 .31 1.39 1. 99 1. 95
"
2 .81 1. 17 1.42 1.53 1.6 2 1 .25
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41 1. 23 1. 77 9 .95 4 . 96 2.31 1.40
42 1. 23 1.35 1 .25 2 . 55 1.69 3 .6 1
43 2 .4 0 1.76 2 .03 1. 97 1.67 1. 95
44 1.42 1.66 1 . 57 1. 47 1.86 1.48
45 1.1l 5 2 .5 2 l.8 8 1. B9 1 .49 3 .27
46 1.29 1.61 2. 90 1 .6 8 2.61 2 .90
47 2. 17 1.75 1. 65 1. 43 2 . 0 6 1.41
48 1.6 9 1.37 1.77 3 .90 1.64 2 .1 2
49 1. 17 1.67 2. 01 2 . 21 1.3 3 1. 51
5. 1 . 20 2 .54 1.47 1.6 1 2. 65 1.77
51 l. 7R 1. 95 1.26 9 .97 1.01 1. 39
52 2 . 16 1.70 1.98 1. 26 1 . 61 1. 86
53 2. 38 1.9 9 1.43 1. 87 1.38 2 .14
54 2. 89 1.62 1. B4 1. 3 6 1.55 1. 50
55 1.28 1.58 1.97 1.68 1. 95 1. 83
56 2 .19 1. 91 2 . 0 8 3 . 50 1.6 3 1. 13
57 1. 81 1. 39 3.17 1.97 2 .40 2.17
58 2. 63 1.66 2.0 5 2 .41l 1.47 2. 73
59 1.62 2.22 1. 54 2.38 1.43 1.14
"
1. 79 2. 14 1. 50 1. 82 3. 31 1. 40
poor poor poor poor poor p oor
- 3 . 0\
- 3 . 1l' -3 . 0% -3 .':1% -3 . 0% - 3 . 0\
7 8 9 18 11 12
1 2. 76 1. 84 1. 20 1. 24 1. 39 2 .30
2 2.54 1.74 1. 11 2.02 2 . 08 1. 40
3 2 .53 1.7 2 1.62 1 .81 1.72 1. 47
4 1.75 2. U 1.1 4 1. 76 1. 28 1. 33
5 2 .2 9 2 . 21 2 .62 2 .07 1.7 4 2 . 23
6 3 . 13 1. 50 1. 5 0 1. 5 8 1.59 1. 40
7 1. 45 1. 88 1. 33 2. 33 1. 1117 1. 23
8 1.93 1.96 1.74 1.6111 1.79 1. 45
9 1.1 9 1.60 1.59 1. 19 Jol1l1 1.99
10 1.67 2. 16 2 .22 1.62 1. 17 1.27
11 1. 29 1. 82 2 .05 2.07 1. 98 1.58
1 2 2.70 1.33 1.57 1. 7 9 1.71 1. 54
13 1. 48 2 . 9111 1 . 2 4 1. 2 111 1. 43 1.14
14 1. 57 1.7 5 1.35 1. 51 1.72 1. 50
15 1. 96 1.46 2 .7 4 1. 55 1.17 2 .23
16 1.73 1 . 54 1 .0 2 1. 57 1.78 1.66
17 4 .06 1. 57 1.79 2.33 1.90 1.18
18 1.14 2 .2 8 1.72 2 .66 1.81 2 .11l9
19 1. 2111 2 . 68 2 . 20 2 .34 2 . 88 2 . 13
2. 1.51 1. 31 1.62 1. 66 1.74 2 . 13
21 1.88 2 . 43 2.43 1.62 1. 49 1. 92
22 1.46 1. 23 1. 91 2. 53 1.72 1. 38
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23 1 .58 1.2 9 1 .48 1.83 3 .88 1. 33
24 1 . 60 1.64 2 .48 2 .28 1.55 1.7 8
25 1 .62 1.23 2 .69 2 .84 1. 53 1. 90
26 2 .39 1. 83 1. 95 1. 43 1. 16 1. 97
27 1.02 1.10 9 . 96 2 . 68 1. 35 1. 34
28 2 .37 2. 23 1. 58 2 .35 2 . 17 1.5 4
2 ' 1.90 2 . 64 2 .31 2 . 58 2 . 12 2 .32
39 1.61 1lI . 6 4 1. 55 1. 23 1. 1 4 2 .77
31 1 . 96 1.98 2 .2 4 1. 97 2 .55 1. 33
32 1 . 1 9 1.59 2 .U! 1. 44 1.36 2.19
33 2 . 31 2 .01" 1 . 76 1.7 3 1.72 1. 29
34 1 .33 1.43 2 . 23 2 .36 1. 43 1 .76
35 3 .3 3 1.56 1. 63 1.7 4 8.91 1.3 9
36 1 .48 1.81 1 . 48 1.32 1.6 5 1.49
37 2 .44 1.41 1. 81 2 . 38 1.26 1.41
38 1 . 74 1. 99 1.76 1.56 2 .3 1 1.47
"
1.81 2 .9B 2.8 8 1.73 3 .35 1.33
48 2 .55 2 .90 1. 98 2.17 2 . 20 2 . 1 3
41 1. 58 1. 25 1. 62 r. sr 2. 24 3 .11
42 1. 61 2 . 21 1 . 48 2.37 2 . 11 1.30
43 1.41 1.74 1. 5e 1.57 1.71 2 . 45
44 1.74 1.83 1. 76 1.72 2 . 49 1.94
45 1. 29 1.27 1. 24 2 .40 1.98 1.91
46 1. 23 1.77 1. 71 1.110 2. 48 2 .BS
47 1.38 1.85 1. 47 1.37 2 .45 2 .75
48 1 . 56 1.58 2 .18 2 . 15 2 .15 1.6 5
4' 2.B3 1. 41 2.19 1.86 1.62 2 . 49
58 2 . I'll 1 . 83 1. 63 2.86 1.71 2 .19
51 1 .81 2 . 16 2 .5" 2 .90 1. 43 3.12
52 2 .28 1 .93 1. 45 1.56 1. 08 3 .39
53 1. 31 1 . 60 0 .6 6 2 .3 5 1. 45 1.89
54 1.17 2. 10 2 . 10 J.n 1.50 1.54
55 1. 17 2.20 1. 57 1.56 2 .41 1.S0
56 1.78 1.6 4 1.08 1.63 2 . 07 1 . 42
57 1. 23 3. 19 1.39 1. 45 5 . 20 2 . 19
58 1. 47 1. 61 1 . 9 4 1.40 1.35 2 .31
59 1.39 1.7{1 1.38 2 .86 2 . 65 1 .33
60 1.35 1 . 55 1. 48 1.17 1.49 1.26
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Appen dix F
Output f r om CELL MEANS pro c ed ur e of SPSS/X s of t wa r e
Thi s Appendix co ntains the result s pr oduced by the CELL MEANS
p r oc edu r e of SPSS/X s of t wa r e . In clude d are the total
pop ulation mean , t he mean headw ay f o r eac h leve l of the
approach gradient fac tor , t he mean he a dway f o r each l eve l of
t he weather facto r a nd the mean headway fo r e ac h l eve l of t he
que ue position facto r . Also included are t he mean beedwaye
of the ce lls deve loped by t he t wo- way i nte r ac tions o f
weathe r /g radient , position/gradient and position/we athe r , and
by t he th r ee-way inte r ac tion of position/weathe r/gradient .
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Following are the results produced by the CELL MEANS
procedure of SPSS/X software . Included are t he t otal
pop ulation me an . the mean headway for each l e ve l of the
approach gradient factor. the mean headway fo r each leve l of
the weather facto r and t he mean hea dway f or each l eve l of the
queue pos t t i on fac to r . Al so i nc l ude d are t he mean headways
of the cells deve l oped by t he two-way interactions of
weather/gradient, pos ition/gradient and position/weather , and
by the thre e -way interaction of position/weather/gradient.





















weatberlGrad i ent fll<
""'"
±l..1.l 1 . 788 1.948
±3...ll l.81s 1. 81s
±L.il 1.945 1. 98s
=J.Jl 1 . 88s 1 . 84 5
::l...U 1. 915 1 . 965
position/Gradient
±l.ll ±3...ll ±L.il ::J...U ::l...U
1 2 .05 1. 89 2.96 1.97 1. 64
~ 1. 89 1.95 2 . 98 1.97 2 .92
J 1.88 l.81 1.99 l.85 1. 94
i 1.97 1.74 1. 84 1.93 1. 93
5 1.76 1.85 L8S l.87 1. 92
~ 1.83 1. 84 1. 83 l. 83 1. 91
I 1. 73 1. 82 1. 89 1.7 6 l.BB
1. a 9 1. 81 1. 97 1.76 2.9"
2 1.86 1.78 1.96 1 . 81 1. 93
U 1. 83 1.74 1. 92 1.89 1.88
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Position!Grad icnt
tlJl ~ ±Lll ~ ::L11
11 1.92 !. . 76 2.99 1.88 2 .92




1. 97 1 .95





1. 82 1 . 82
1.86 1.88
2 1 .84 1 .99
11 1 .82 1.88
11 1. 92 1 .95




tlJl 2 .93 2.97
~ 1. 87 1.99
±Lll a.as 2 .06
=L.Il a.as 1. 87
::L11 1.81 1. 87
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Po s itioD/Weatbc r!Crodient.
~ fAll =
t1....il 1. 83 1. 95
il...U 1. 94. .1.96
±Lil 2 .93 2 .12
=hU 2 . " 6 1.87
:L.ll 1.94 2 . 1"
lOlillilln...l fAll =
tZ....n 1. 8 3 1. 93
il...U 1.83 1 .79
±Lil 2 .03 1. 95
=hU 1. 85 1.85
:L.ll 1.91 1.96
Ell.lill.IJl.IL fAll =
±1..1.l 1.87 2 .17
il...U 1.1" 1.7 8
±Lil 1.83 1 . 85
=hU 1.95 1. 92
:L.ll 1. 95 1. 92
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POBi t i oD/Weat her ICrad i ent
~ tUx =
ll.ll 1.73 1.86
tl.ll 1.88 1.1 5
tL.U 1.99 1.94
::l..U 1.71 1.81
::1..ll 1. 96 2 ."4
~ tUx =
ll.ll 1 .7 5 1.91
tl.ll 1.7 9 1.18
tL.U 1 . 87 2 .06
::l..U 1. 88 1.74
::1..ll 1.89 1.91
I'.OIlit.lJm... tUx =
ll.ll 1.82 1. 84
tl.ll 1.7 11 1.19
tL.U 1.85 1.98
::l..U 1.8 9 1.91J
::1..ll 1.84 1.92
~ fllI =
ll.ll 1 . 80 2 .14
tl.ll 1.69 1. 83
tL.U 2 . 06 2. 13
::l..U 1.91 1.86
::1..ll 2. 15 1.89
••1
POBIt I on !wflatberIGrod I cot
~ w.x =
u..n 1. 65 1. 88
il.J1 1. 98 1.72
±L.i1 1. 94 1 .75
:Lll 1.93 1. 81
::l.ll 1. 94 1. 98
~ w.x =
u..n 1.7 1'1 1. 96
±J...U 1.77 1. 91
±L.i1 1. 81 1. 86
:Lll 1 . 82 1 . 85
::l.ll 1.83 1. 9 9
~ w.x
""""u..n 1.67 1 . 79
±J...U 1.89 1.7 5
iLi.l 1.92 1. 86
:Lll 1.7 6 1.77
::l.ll 1.85 1.91
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posit ion/Weatber {Gr ad ient
~ t.o.I.I .....
:!:1...2.l 1.69 .OS
ti..ll 1 . 72 1.7.
±L.il 1 . 86 2.14
=l..U 1.14 1.82
:7....21 1. 87 2 .8 7
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Appendix G
Output from ANOVA procedure of SPSS/:< so ftware
This Appendix contains t he r esults produced by the ANOVA p r o-
c edure of ssss/x software . Among the parameters In c Iuded are
t he source of va riat ion and for each source of variation t he
sum of squares , degrees of freedo m, mean sq uar e, ca lculated
F-test s tat istic an d t he signif icance of the F-test L.;';a t l s t i c.
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Th i s Appe nd i x contains the res ul t s produced by t he ANOVA
p r oced u re of SPSS / X so f t wa re . Among t he parameters inc luded
are t he s ourc e of va r i a t i on and for each s ource of va riat i on
t h e S Ui;. of s q uares , de grees of f r ee dom, me a n squa re ,
c a lculated F- t es t statistic and the signi ficlllnce of the F-test
s ta t is tic .
Source of
Variation
Sum o f Mean
Squares DF squa re F
Slgnif
of F
39 .924 16 2. 495Ma i n Effects
Grad i e n t
Weat he r
20 .947




14 .202 0.9 90
8.164 13 .094
Position 15 .968 11 1 .4 52 3.937
2-way Interactions 38 . 0 01 59 9 .644
Gradient/pos i tion 22 .676
Weathe r / position 6 .925








3- way I n t f' u ctions 13.807
Gradient/Wea t her/ 13.81'7
Position









91. 7 33 11 9 0 .771
261 0 . 67 4 7089 9 .369
2792.406 1 1 99 0.375
69'
2.091 " . 0 00
Appendh: H
Exce rp t from database of re siduals resu lting from initia l
ll.NOVA procedure
This Append ix con tains an excerpt of 1 29 r esidu a l s produc ed
by the first ANOVA proce du re t hat was ru n on t he o rig inal
headway database .
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This Appendix co nt ains an exce r pt o f 1 2. r es i duals
p r cd uc ed by the firs t ANOVA procedure that was r un nn t he
ori9inal hea dway aatab ase.
- &. 25 9 .24 9 .78 - 0 . 7 9 - 0 . 54 - 9 . 52
9 . 67 9. 99 9. 31 - 9 . 53 -9.78 2 . 18
- 9 . 98 -9.09 - 9 . 2 4 6.13 - 9 . 1 2 -9 . 56
- 9 . 25 9.41 9 .59 1. 10 - 9 . 96 - 9. 56
- 9 . 21 9.67 -0. 21 1.14 0. 13 0 .17
-r.ar - 0 . 1 2 - 1. 31 9 . 09 9 . 46 1.05
- 0 .3 7 9 . 03 - 0 . 99 - 9. 31 - 0.43 - 9. 57
9 . 67 9 . 25 9. 32 - 9 . 46 -0 . 26 0 . 17
- 0 . 21 - 0.01 -a.rr 0 .7 8 - 0 . 54 9 . 74
- 1. 94 - 6 . 56 - 0 . 09 - 0.7 5 1.1 3 - 6 . 15
- 0 . 67 - 6 . 8 4 - 6 . 66 0.48 0 .3 5 - 0 . 39
1. 44 9. 25 1. 49 - 0 . 35 1.39 - 9 . 28
- 0. 1 2 - a. 87 - 0 . 91 -0 .62 - 9 . 10 - 0. 1 5
6 . U 9 . 02 - 9 . 31 0 . 03 - 0 . 23 - 9 . 30
- 0 . 29 9 .22 - 9. 2 0 lo U 9 .08 - 9. 2 9
- 0 . 37 1 .02 - 0 . 04 0 .0 9 - 0 . 57 - 9 . 38
0 . 20 -0 .0 5 1.24 0 .47 - 0 . 42 0 . 07
0 .81 -9 . 14 - 0 . 06 0 . 18 - 9 . 47 - 6 .38
1 . 32 0 .6 6 0 .5 8 - 0. 0 5 0 . 1 3 0.27
1. 22 - 0 . 7 5 9 .44 9 .22 -0 . 31 -0 . 3 3
.96
Appendh: I
Coc hran 's Tea t f or variance homogene ity
Th is Appendix con ta i ns t he calculations used t o pe rform
Coc hran' s Te st fo r va r iance homogen eity af ter t he orig ina l
ANOVA p r ocedu r e. Also con t a i ned are t he resul ts of that t est.
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A met hod of testing t h e hypothes is of va ri ance
homogen eity i s Cochran 's Test . Th i s Is a c omputationally
simpl e p rocedu r e , bu t i s restr i c ted t o si tua t i ons I n wh i ch
the sampl e s izes a re equa l . coc hra n ' s Test is used t o t est
t he hyp o thes is
Ho 1 51
2
• sl - $32 .. .... sk 2
a ga i nst t he a lternati ve
"1 I the va r iance s are not eq ua l
The s ta ti s ti c for Cochran I S Tes t is g i ve n by
G = (largest Si 2) / (sum of s f2)
a nd the hypo thesis of e quali ty of variances i s r ejected if 9
is g reater than 94 where ga is ob t ained f rom stat istical
t ab les.
c alc . tabulated
va r ianc e ga (8 . 85)
",eather fa ir S .37 S . 5S '1.58
poor 0 .38
g radi e nt +7. 2' 9 .33 1J . 24 S.25
-7 . 2' '1.46
tl.6\ 0 . 43
+3. '" 8 .35
-3 .81 0 .3S




5 0 . 35
6 0.36
7 8. 36
8 0 .3 4
9 8 .36
18 0 . 33
11 0 . 46
12 0 .3 9
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a ll
Bec ause t he va lue of 9 is l e s s t han t he va l ue of 9a f or




Output from REGRESSION procedure of SPSS/x so f t war e
Thi s Appe nd ix contains t he r esult s p r oduced by t he REGRESSI ON
procedu re o f SPSS/ X so f twa re . There are two sets of result s ,
one f or each of t he t wo we at her condi tions . Among the
parameters I nc I ude rt a re t he va lue of k-equare , the standa rd
error of the estimate , the F-te s t s tatist ic, th e reg ress ion
cons tant , t he s lope of the r e g r ession line , t he sum of squares
due t o e r r or and t he s um of squa r es due t o r eg r es s i on .
7"
This Appendix conta ins the r es ul t s p roduced by the
REGRESSION procedure of SPSs/x sof tware. There are two sets
o f r e s ults, one for each of the t wo weather co nditions . Among
the parameters incl uded are the value of n-squa re , the
standa rd error of the estimate, the F-test stat istic , the
r e gres s i on constant , t he slope of the reg ression line, the
sum o f squares due to erro r and the s um of squa res due to
r e gre s s ion.
Regres sion of BEADWAY on GRADIENT und er FAI R WEATHER
Multiple R ~. ~ 6 149
R Squa re ~ . ~ 8 37 8
Adjusted R Square 8 .88365
Standatd Error 0.61298
Analysis of Va riance
Signif F ;; 0.000~
Regression
Residual
F;; 29 . 39220
DF
7744
Sum of Squ ares
11. " 4408
2909 .7 9780
Mean Sq ua re
11 . 8 .44~8
0.37575
- 0.7 36697 0 . 135885 - 0 . 061491 -5. 421
Variables i n the Equation
Variable SE B Beta
GRADIENT
(Cons tant) 1. 866878 " .006966
Sig T
0 . 000
267 .992 ~ .000
7 01
Reg ression of HEADWAY on GRADlENT un der POOR WEATHER
Mul tipl e R 0 . 02583
R Squ are S . Sn67
Adj us t ed R Square S .01H154
St anda rd Error 0 .61548
Analysis o f Va ria nce
DP
Si r l'lif F • B. 92 19
Re gr e ssion
Residua l




298 9 . 54722
Me an Squa re
L 991148
9 .3 7872
Var bble s in the Equation
Var fa bl e SE B
GRADI ENT
(Cons t ant )
- 9 . 332267 0.144933
1.893831 0 .80 69411
7'2
Beta T






Examinat ion of r e si du a l s for eueocor re j aefon af ter f irst re-
gression procedure
This App e ndi x contains a random sample of 120 residuals
genera ted by the first regression p r ocedu re ,
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This Appendix con tains a r an dom sampl e of 1 2" r e s i dua l s
gen e ra t ed by the first regression procedure.
- 8 . 05 - 0 . 09 e .44 -e.32 0.18 -1 .14
0. 87 9. 43 8.29 - 1:1.16 0.31 1.44
- 9 . 78 0 .11 B. ll - 0 . 6 9 - 8. 24 0 . 67
-9 . 85 -0 . 67 11.61 11 .08 0.59 - 0. 96
- 11 . 111 9 . 86 0 .8 7 - 0 . 8 8 - 0. 21 1:1 . 38
-9. 91 9 .3 6 a.aa - 0 . 91 - 1 . 31 8 . 07
- 8 . 11 0 .7 2 IL23 - 0 . 82 - 1:1.99 - B. 19
B.B7 1 .1<1 8 .45 B.08 0. 32 - 8. 42
-9 .111 - 9 . 39 8.19 B.U - 8 . 11 - 8. 91
- 9 . 84
-e."" - 8 .3 6 8.48 - 11 . 99 0.15
- 0. 47 8 . 33 - 0.6 4 0 .58 - 1.66 - 1 .33
1.64 1f. 29 0 .45 - B. 7 5 1.49 8. 26
B.0 8 - 0. 111 - 0 . 61 - 0.1 2 - 0. 91 - 0. 39
0 .21 0 .83 0.22 - 0 . 1 2 - 9. 31 9.25
- 0.09 9 .17 0 .42 - 1'1.2 2 - 0. 28 - 8 . 43
- 0 . 17 9 .71 1. 22 0.82 -1'1 .114 '1.07
0.U - 0 . '12 8. 15 - 8. 4 8 1 .24 - 0. 34
1.1J1 8 . 48 0 .86 2.09 - 9. 06 - 0. 53
1.52 1'1 .97 13 .86 9 . B3 B.58 0.0 2
1 .42 - 0 . 28 -B . 55 - 0. 3 3 0. 44 0 .03
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Appendb: L
Output from ANOVA procedure of SPSS/X soft.....are on transformed
database
This Appendix contains the results produced by the ANOVA pro-
cedure of SPSs/x software on the transformed database . Among
the parameters included are the source of variation and for
each source of variation the sum of aque r ea , degress of
freedom , mean square, calcilated F-test s tatistic and the
significance of t he F-test statistic.
705
This Appendix co nta i ns t he results p r cduced by t he ANOVA
procedu re of SP SS/X s of t ware on the t r a ns f o rmed da t aba se .
Among t he pilra lllet er s i nc l ud ed a re th e so urce o f va ri a t ion and
f or each sou rce of va r i a t i on t he sum o f s qua res , deg res s o f
freedo m, ee an s qua r e , calc ilated P-test s t a tist ic an d the
significance of t he F- test s tatistic .
Squa res DF Squa re









2- way I n teract i ons
Grad ient/Weather
Gr adient/Pos i tion
Wea t her/Pos i t i on
3-vay I nteracti ons

















































4 . 347 11 9 0.937
122 . 297 7080 0 .017




Excerpt from database of r e s i dua l s reSUlting from ANOVA
p ro cedure on transformed da tabase
This Appendix c on t a i ns a n excerpt of l a ll r e s i d ual s produce d
by the ANOVA procedu re that wa s r un on t he trans f or me d headway
databa s e .
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This Append ix c ontai ns an exce rp t o f
'"
r es i duals
produced by t he ANOVA p rocedure that was run on t he
transformed hea dwa y databa s e .
9 .113 il .l!Iil 0 . 85 - 8 . 04 -8 . B5
8.illJ 9 .11 - 8 . 1 5 9 . 14 11 .96
9 . 94 - 9 . 99 - 0 . 1 2 - 9. 26 -0.83
9 .01 - 8 .2 9 0 .84 -9 .04 - 9 . 22
0. 03 - 9 . 1 7 - 8 . 15 - 0 . 03 - 0 .9 1
- "1. 33 0 .93 -0.10 - 0 . 32 9 . 05
B. 83 - B. 24 -0. 10 - 0 . 07 0 . 12
- 0 . 1 8 -0 . 06 B.2 4 8 .14 B.18
- B. 07 9 . 1 8 -0.11 - 0 . B3 -B.1 3
- 0 . B3 9 .16 - 0 . 23 - 0 . 29 - 0 . 1 5
B. B9 - 9.1 3 0 .38 - 0 .1 5 0 . 04
-B .I B 8. 04 - 9 .15 9 .25 0 . 94
- 0 . 11 7 1 .25 B. 20 -9 .01 - 0 . 03
0 .11 11 .87 - 0 . 07 9 .9 2 - O. B2
9 .08 B.09 B. 14 -0 .05 9 .01
11 . 84
- " . 1 8 - 0. 18 - 9 . 87 B.12
(,. 94 B.e B 0 .93 8 .9 6 - B. U
0 . BI 0 . 15 0 . 85 0 .1 6 0 .07
0 . 1::. B. 1 3 0 . 38 B.2 3 - B. I'll




Coc hr a n ' s Test fo r va r i ance homogeneity afte r data e r e n-
f orlllation
This Append ix c on t a i ns t h e c alcul at i ons used t o per fo ra
Coc h ra n ' s Test f o r va riance homoge ne ity afte r t he ANOVA
proced u r e was pp.rforRled on the t r ans f o r med database . Also
co n t a i ne d are t he r e su lts o f t ha t t est .
1"
A met ho d o f t esting t he hyp othesis of var ianc e
hornoge.-ne ity i s Coc h ran 's Test 0 This is a compu t a tio na lly
simple pr ocedure , but i s r es t r i c t ed t o s i t ua t i ons in which
the sample s i zes a re e qua l . Coc hran ' s Test i s used to test
the hypo thes is
Ho : s 1
2
.. s 22 '" sl ., 000 • s k2
a gainst t he alternat i ve
HI : the v a r i anc e s a re no t eq ua l
The statistic f or Coc hran 's Tes t is give n by
G .. (l a rg est Si2) / (sum of s i 2)
and the hy~othesis of equali ty of ve r I e ncea i s re jected if 9
i s greater than ga whe re 9a i s ob t ained from statis tical
tabl es 0
calc . t abul a t ed
variance 9a ( B. B5)
weather f al r 8 0918 9 058 0 058
poor 6 0lH1
gradien t +7 .2' 6 0017 0 024 0 025
- 7 . 2' 8 0021
.'.6\ 8 0019+3." 0 0017
- 3 .1\ 0 0014
po s ition 1 0 0018 8 . 19 Boll
• 6 08113 9 0017
• 9 001 75 BoU 8
• a.ai a7 0 0U6
8 '1001 6
• lII oU 810 8.017




Bec a us e the va l ue of 9 Is l e s s t ha n ebc va lue o f 9a for




Output from Reg res sion p r oc e e ue e of SPSS/X softwa re on
t rans f ormed da tabase
This Appendix contains the results p roduc ed by t h e REGRESSION
procedure of SPSS/x software on the transformed database.
Ther~ a re two s e ts of r e s ults , one for each of t h e two wea ther
c ond i t ions . Among t he parameters inc luded are t he va lue of
n-aquaee , t h e s t anda r d erro r of the es t i mate , the r - test
statistic , the r eq r e e ar c n cons t a nt , the s l ope of the
re gress ion line , the s um of squa res due to er ro r a nd t he sum
of squares due to reg ression .
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Thi s Appendix co ntains the results produced by t he
REGRESSI ON p rocedu re o f SPSS/ X software . There are t wo sets
of resul ts , one for each of t he two wea t her conditions .. Among
the parameters in c luded are t he value of R-square , t he
standa rd e r ro r of the estimate , t he F.- test statistic , the
r e g r e s s i on constant , t he s lope of the r eg r e s s i on line, the
sum of squares due t o e r ror and the sum of s qua r e s due to
r e gr ess i on.
Regression of logarithm of HEADWAY on GRADIENT under FAIR
WEATHER
Mul tiple R 0 ..06033
R Square 0 .00364
Adjus ted R square 0 .60351
Standard Error O. 13381
Analysis of Variance







F = 28 . 28149
Variables i n the Equation




- 0 . 1517 48 0 .929663 - 0 . 060326 - 5. 31 8
Sig T
9. 090
0 . 2499:.!1 0 . 6 015 21
713
164.343 0 .0 08
Regression o f logarithm of HEADWAY on GRADIENT under POOR
WEATHER
MUl t i ple R 0. 026 35
R Square FJ .FJFJ069
Adjus ted R Square 0.00057
Standard Error 0 . 13284
Analys i s of Va r i ance
~.
Reg ress ion
Residua l 7 87 0
Sum of Squares
0 .09650
13 8 . 884 43
Mean Squ a r e
0. 09 650
0. U765




- 0 .02635 0 - 2. 33 8
171. 269
Beta
0.256572 0. 001 498
BE B
-0 . 0731 60 £1 .031286GRADIENT
(Cons t a nt )




Examination of res iduals f o r autocorrelation a f t e r second re-
gression procedure
This Appendix contains a random s ample of 120 r e s i du a l s
generated by the second regression procedure.
71 5
This Appe ndix co nt a i ns a random sample of 12' residual s
generated by the second regression procedure .
0.04 0 .01 1'1.06 0 .01 0'.00 1'1. 11
0 .01 0. 12
-".14 0 . 19 0. 11 0 .08
0.05 -1'1.08 - 9. 11 - 0 . 21 0 .02 0.05
0 .02 - 0 . 19 0.95 G.01 -0.17 0 .14
0.04 -9.16 -0.1 5 0 .02 0.03 0.19
- ". 32 0 .04 -0 .09 - 0 . 27 0'.10 " .1214
0 .04 -1'1 .23 -0.1'19 -13.02 0 .16 0.07
-0.17 - 0 . 05 0.25 0. 19 0 . 23 0.11
- 0 . 136 0 .19 - 0. 11 1'1.02 - 13 . 08 13 .136
-0.132 13 .17 -0 .22 -1'1 .24 - 0. 11 - 0 . 07
0.09 -9 . 12 0 .39 - 1'1. 11 1'1 . 09 - 0 . 16
-0 .17 0 .05 - 0 . 15 0 . 29 0 .08 0 . 11
- 1'1. 1'1 6 1'1 .26 0 .21 0 .04 0 .02 - 0 . 17
0. 12 0.08 -0 .1'16 Iii.07 0.03 0.07
0 .09 0.01 0 . 15 8.0 0 8.86 0 .11
0.05 -0.17 -0.87 - 0. 0 2 1'1 .17 8 . 24
0.85 0 .09 0 .04 0 .10 0.02 9 .135
0.02 0 . 16 1'.06 8.21 0.12 13 .03
0 .14 0. 14 1'.31 0 .28 0 .04 0 .18
-B.03 - 0 . 08 9.09 0.27 - 0 . 05 - 0 .13
716
Append!:I 0
SPSS/ PC REGRESS IONprocedure out put s fo r f a i r and poor weathe r
ccndfercn a
This Appe ndix contains the results produced by the REGRESSION
procedure of the SPSS/PC software . I ncluded fo r both ....eathe r
c ond i tions are the coefficient of determination, the an alysis
of variance s ub- r out i ne , and information on the va ri abl es i n
t he prediction equation.
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F : 19 .4952e Signif F" . 'HI00
M U L TI P L E REGRES SIO N
Equation Number 1 Dependent Variable. . HEADWAY
- ------ - ---------- Variables in the Equation ---- - - ,
Variable SE B Beta or 5ig or
GRADIENT
(Cons t ant )
-8 .98897E-03 2 .03585E-03
1. 86527 .91086








Listvise Deletion of Mis sing Data
Equa tion Number 1 Dependent Variable .. HEADWAY
Be gi nni ng Block Numbe r 1 . Method: Enter
M U L T I P L E REGRESSIO N
Equ ation Number 1 Depen dent Va r i a ble .. HEADWAY
Var i able (s) Entered on Step Numbe r
1. . GRAD IE NT APPROACH GRADIENT I N PERCENT
Multipl e R
R Squa re
Adjus ted R s qu a r e




. 69 33 0
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MULTIPLE RE GRE S SION
POOR WEATHER CONDI TION
L i stwise Deletion of Mi s s ing Dat a
Equation Number 1 Dep enden t Variable . . HEADWAY
Beginn ing Bloc k Number 1. Method: Enter
M U L T I P L E REGRESSION
6lJu o:::.t ton Numbe r 1 Dependen t Va ri ab l e. . HEADWAY
Variab l e (5) Ent ered on Step Number
1 . . GRADIEN T APPROACH GRADIE NT n. PERCENT
Multip l e R .n26 0
R Squ are . 00 "1 6
Adjus t ed R Square - .00 01 2
Standard Erro r . 619 87
72'
Ana l ysis o f Variance








Si gnif F = . 449 9
.21942
.3 8424
Equation Numbe r 1
MULTIP L E RE GRESSI O N
Depende nt Vari ab le. . HEADWAY
- - --- - --- - --- - ---- Va r i a bles i n t he Equa t ion ----- - ---- - - - --- - -
Var i ab le SE B Be ta T Sig T
GRADIENT - 1. 5 8070E- 03 2 . 09177E -03
(Constant ) 1.9052 8 . 01 033
-. 0 1 260 - . 756 . 4499
1 84 .365 . " 000
End Block Numbe r All re quested variables e nte red .
Thi s procedure wa s completed at 22 : 16 :05
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Appendiz R
SPSS-X REGRESS I ON p roce dur e outpu t s far hi[ an d poo r we a the r
co ndi t ions
Thi s Appendix c ontains t he resul ts produ c ed by the REGRESSION
p r ocedure of the SPSS- X sof t wa r e . In cluded fo r bot h wea ther
co nd i tions a r e the coe f fic i en t o f de t e r min a t i on , the a nalysi s
of varianc e su b - rou tine , a nd i n f o rmation on t he va r i ab l e s i n
t he pr e diction equation .
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FAIR WEATHf R CONDITION
Regression of HEADWAY on GRADIENT
Multi p l e R 0. 1/1 614 9
R Square 1/1 . 1/10 378
Adjusted R Square 0 .1'0365





Sum of Squar es
11, 0 4408
2909 .79781/1
Mea n Squ are
11. 0 .4408
1/1.37575
Variables in the Equation
s ignif F ;; a, 01HJ0
variable
GRADIENT
(Cons t ant )
SE B Beta
- 0. 73 6697 0. 135885 -0 . 0614 91 - 5 . 4 21





POOR WEATHER CONDI T I ON
Re g r ess i on o f HEADWAY on GRADIENT
Mult i ple R 9.02583
R Squa re 0 .0996 7
Adj us ted R Square 0 .l" ' 054
Sta nda r d Erro r ". 61548










F " 5.2 5577 Signif F • 0 .0219
-8 . 3322 67 9.144933 - 9 . 025834 - 2 . 2 93
1. 8938 31 0.006940 272 ..89 1
Va r tables in t he Equation
var Iebj. e
GRADIENT
(Con s ta nt )





Exce rp t fr om database of r esidual s r es ult i n g f r om ANOVA
procedure on e lapsed time database
Th i s Appendi x c on tains a n exce rp t of 10 0 res iduals produced
by t he ANOVA proce dure t ha t wa s r un on t he e Lape e d time
da taba se.
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This Appen d ix con t a i ns an excerpt of 10 0 resid ua ls
produce d by t he ANOVA procedu r e t ha t wa s ru n on t he elap s e d
time da t abase .
-B . 2~ -8. 64 1'.88 -1.92 1.26
9 . 58 -0 . 92 0 .83 - 1 . 39 1.22
1. 65 0 .86 1.86 - B.B 3 -B . 28
- 1'. 48 -9 . 67 - 2.84 - B. 58 - 1. 83
- 0 . 17 0 .5 9 - 1 . 5 9 - 2 .18 1.07
1.42 - 9 . 91 - 2 . 42 loll -1.58
- £1 . 57 - 1. 36 - 0 . 2 4 0.07 9 .11
-1 . 00 0 .52 -1. 42 0.25 0.93
-0 .03 0. 26 -0 .56 0 . 39 0.58
-0 .31 0 .3 2 - 2 .35 -e .3 5 1'.76
1.27 -1' .1 8 0 .74 1.41 - 8 . 9 9
-1. 07 - 11.11 1. 28 0.6 1 - 0 . 21
0 . 69 1. 95 9 . 02 -9 .37 9 .09
- 0 . 52 -1. 24 9. 58 8. 16 1 .39
1. 2B 1. 4B 1'. 1 2 - 8 . 1 9 - " .93
-1. 89 -8.B4 1.51 e.12 1.10
0 .9 6 0 . 80 - 2 . 11 0.14 0 .51
0 .44 1'. 91 0.43 - 2. 82 - 3 . 6 4
1.61 2 . 45 - 1'.1 5 0. 92 -1.32
-1' .78 9 .68 0.80 - 0. 58 2 .29
72.
Appendiz '1'
Cochran 's Test of elapsed time da t a f or variance homogendty
This Appendix contains the calculations us ed to pe r fo rra
Cochran' 5 Tes t for va r iance homogene i ty af t e r the IINOVA
proc edu re was performed on ·.he elaps ed tinle da tabase . 1\l so
contained are t he re sults of that test: .
72 7
A met hod of testing t he hypothesis of v a riance
homoge neity is Cochran 's Test. This is a c omputational l y
simple procedure , but i s restric ted t o situations i n whic h




.. sl '" 83 2 .. s k2
aga inst t he a lternative
HI : the va riances a re n ot eq ual
The statistic for Cochran 's Te s t i s give n by
G '" (la r ge st Si2) / (s um of si2)
and the hypothesis of eq ua lity of variances is r e j ect ed if 9
is greater t ha n 9 a whe re ga is obta i ned from s ta tistica l
tab les.
calc . tabulated
variance 9a (8. B5)
wea ther fair 42. 966 9 .51 9 . 58
po or 44 . 67 5
gradient +7.2' 42.994 9.21 111. 25
-7 .2' 46.931
+8 .6\ 46 . 93 4
+3.S\ 4111 . 85 6
- 3 . 8% 42 .934
position 1 9.49 8 0 .16 111 . 1 1
2 0. 77 4
3 1.111 89
• 1. 3155 1 .630
6 1. 954
7 2 .287
8 2. 71 7
• 3 .1 5110 3. 497
11 3 .93 5
728
12 4 .349
Bec au se t he value of 9 is grea t e r t ha n t he val ue of 9a
for t he va riabl e of queue posit ion , we reject the hyp o thesis
that the variances a re homogeneous , a nd acc ept the hypo t hes is
that the va r i a nce s are not eq ual .
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Appendh: 0
OUtput from ANOVA p r oc edu r e of SPSS/PC softwa re on transfor me d
elapsed time database
This Appendix contdns t he result s produced by the ANOVA pro-
cedu re o f SPSS/PC s o f t ware on t he t r a nsfOClled e l aps e d t i me
da t abase . Amonq the pa ra meters included a re t he s our ce of
variation a nd fo r each source o f v a r i a t i on the su m of s quares ,
deg ress of f r e edcra, mean square , ca l cilated F-te s t s tat ist ic
a nd the significance of the e - eeee s ta tis tic .
7 3 8
Thi s Appendix co n tains the resu l ts produce d by t h e ANOVA
prcce e ure of SPSS/PC software on the t ra nsfo rmed elapsed t i me
data ba s e. Among ebe para met e r s i ncluded .<e the so u rce of
va r iat ion a nd for each s ource o f va r i at i on t he s um of s qua res ,
deg ress of f reed o m, mea n s qu are, calcila t ed F- te s t s t a tis t i c
a nd the s ign if icance of t he F- tes t stat i stic.
Source of Sum of Me a n Si .
Variation Squares DF Square of F
Mai n Effect s 7434 .413 rs 464.6 5 5 11 0 20.9 83 0. 0 0 0
GRADI ENT 9 . 1 37 2 . 2 84 5 4.1 82 0.i1 0 0
POSITION 7 4 24 . 668 11 674 . 97 0 16 00 9. 378 13.13''''
WEATHER 0 . 668 0 . 66 8 15. 84 3 0 .0 0 0
2-way 11.331 5. 0 .192 4. 5 5 5 0 .00 0
Interactions
GRAD I ENT/POSI TI ON 3.27 5 4 4 0. 074 1.76 5 0 . i101
GRADI ENT/WEATHER 7 .615 1.984 45.154 0 . 80 0
POSITION/WEATHER 0 .441 11 0. 04 13 0 .9 50 0 .490
3-way Interactions 1.199 4 4 0 .0 27 13 . 6 47 0 .9 66
GRADIE NT/POS I TI ON/ 1 .199 44 0 .027 0 . 6 47 0 .966
WEA'l'HER
Explained 7447. 00 3 11 . 62 . 590 1494.310 0 .000
Re sidual 29 8 .499 7 8 80 0 . 0 42
Total 7745 . 5 83 71 99 1.07 6
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Appe ndiz V
Excerpt from database of residuals res ul ting f rom ANOVA
procedure on transformed e lapsed time database
This Appendix contains an excerpt of 100 r es i dual s p roduced
by the ANOVA procedure that was run on the t r an s f or med elapsed
time database.
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This Appendix conta ins an e xcerpt of 109 r e s i dual s
produced by ti b e A NOVA procedure t ha t was r un on the
tran s f or med e lapsed time da tabase .
- 0. 1 5 -0. ''1 -0 .1 6 " .HI "' . 32
- 0 . 1 2 0. 24 "' .02 0 .07 0 .13
- 0. 39 0 .21 -0 .1 4 '1.21 0. 21
'1. 15 0.24 '1. 56 0 . 02 "' .21
- 11 . 42 - 8.09 B.U - 0 . 11 - 0 . 27
- 0.17 - B.11 - B. BS - 0.14 0.06
B.24 B. 13 -0 .26 0 .0 3 "'.11
- 0 . 22 - 0.0 6 - 0 .38 - 11 . 27 0 .86
- 0 . 24 - 0 . 0 1 0.39 '1.01 -0.12
a.ai - 0 . 34 -0.13 - '1. 1 5 0 . 05
'1.12 -0 .3 9 0 .27 - '1. 03 0 .09
'1. 02
- 0." 4 -'1 .2 1 '1.11 -0 . 39
0 . B4 0 .0 6 0.0 4 - 0 . 04 0 .22
'1.2 6 0 ."'5 0 . 13 - 0 . 09 0 .13
0 .B6 0 . 18 0 .12 0 .2 4 - 0. 1'1
-'1 .25 B.U 9 .96 - 0 . 1'1 2 0 .18
-11. 02 - 0. 0 4 0 ."7 -8. 19 0 .11
0 . 19 9 . 19 - ''- 95 0.15 - 0 . 11
0.07 - 0 . 0 5 0.05 - 9 . 13 ~0.15
- 0 .23 B. 07 - 0 . 04 - 0 . 04 -"' . 21
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Appe ndix ~
Cochran 's Tes t of t r an s f o r med elapsed t ime da t a for variance
homoge ne i t y
Thi s Appendix c on tains t he c alculations used to perfotfll
Cochran 's Test for va r i anc e ho mogenei t y after t h e ANOVA
p rocedure was pe rformed on t h e tra ns f o r med e lapsed time
database. Also contained a re the r esults of t hat test .
7 34
A met hod of tes t ing the hypothes i s of va riance
homoge neity is Cochran 's Tes t . Th i s i s a computationally
a ImpLe p r oc edu r e , but i s restricted to situations i n wh i ch
t he sample sizes a re eq ual . cccbren -a Test is us ed to test
the hypothesis
Ho : 512 = s/ = s3
2
'" = sk 2
against t he a l te rnative
HI : t h e va riances a re not eq ua l
The statis t ic f or Coc hran 's Te s t Ls given b y
G .. (la rg es t 5i2) / (s um of s i 2)
a nd t he hypot he s i s of eq uali ty of variances is r e j ec t ed if 9
i s grea te r tha n ga where ga is ob tained from s ta tistica l
t a bles.
calc. t abu l ated
variance Ya (9 . 85)
weather fair 1. 06 2 0. 51 0.58
poo r 1. D90
l]l'"Bd i ent +7 .2\ 1. 937 9 . 21 0 .25
- 7 . 2\ 1.145
+8.6\ 1. 198
+3. 0\ 1. 03 8
-3.8' 1 .94 8
position 1 0 . 047 0 .0 9 0. 11
2 0 .0 47
3 0 .045
4 0 . 041
5 0.042
6 0 .0 42
7 0 . 04 2
• 0 . 044




12 8 .84 8
Becau s e the value o f 9 i s l ess t ha n t he value o f 9a fo r




SPSS/PC REGRESSION procedure output fo r reg ress ion of t he
squa re root of elapsed time on que ue pos i tion
Thi s Append i x contains t he resu l ts produced by the REGRES SION
procedure of t he SPSS /P C software . Inc luded are the
coefficient of dete r mi na tion , t he analysis of variance su b-
routine , and info rmation on the variable s in the prediction
equation .
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M U L TIPLE RE GRE S SI ON
MUl tip l e R
R Squa re
Adj usted R Square





Analysis of va riance
DF
Regress!on
Res i dual 7 198
F '" 1 03364. 23 847
Sum of Squ a re s
724 1. 24240
584. 2 6 011
Signif F = . 0 00 11
Mean Squa r e
7241. 2424"
. 07 0 06
------------------ Variables in the Bquation --- ------ ---
Va r iabl e B BE B 95 % Con . r ne , B Beta
POSI TION 0.29051 9 . 03E-04 0 . 28874 0 .29 22 8 0 . 9669 0
(Cons t) 1.466 0.0066 1 .453 1 .479
----------- in - ----- - -----
Vari a ble T Si g T
POSI TION 3 21.503 . 0000
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